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PREFACE. 


This  Second  Volume  of  the  Translation  is 
based,  like  the  First,  on  the  Second  German 
Edition.  It  contains  the  technical  papers  con- 
tributed by  Dr.  Wernee  von  Siemens  to  various 
learned  societies,  and  descriptions  of  new  inven- 
tions and  apparatus ;  many  of  these  take  the 
form  of  the  specifications  filed  with  the  applications 
for  the  grant  of  patents. 
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PRUSSIAN  PATENT  FOR  A  PROCESS  OP  DISSOLVING 
GOLD  BY  MEANS  OF  THE  GALVANIC  CURRENT 
FOR  GILDING  BY  THE  WET  METHOD.* 

The  description  of  the  patent  granted  for  five  years  throughout 
the  Prussian  states  to  Second  Lieutenant  Werner  Siemens  on  the 
^9th  March,  1842,  for  a  process  of  dissolving  gold  by  means  of 
the  galvanic  current  for  gilding  by  the  wet  method,  cannot  now 
be  traced  in  the  records  of  the  former  technical  department.  The 
application  for  a  patent  contained  a  description  of  electro-gilding 
aud  electro-plating  by  the  use  of  certain  gold  and  silver  salts, 
among  which  the  cyanides  of  gold  and  of  silver  and  the  hypo- 
sulphites of  gold  and  silver  were  specially  mentioned 

The  patent  was  only  granted  for  the  use  of  hyposulphites  of 
gold  and  of  silver,  as  an  English  patent  of  Elkington  already 
existed,  which  claimed  the  cyanide  compounds. 

*  29th  March,  1842. 
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DESCEIPTION  OF  THE  DIFFERENTIAL  GOVERNOR 
OF  THE  BROTHERS  WERNER  AND  WILLIAM 
SIEMENS* 

The  need  of  a  goveraor  capable  of  regulating  the  speed  of 
steam-engines  and  water-engines  more  perfectly  than  has  hitherto 
been  possible,  has  made  itself  felt  for  some  time  past,  as  is  proved 
by  the  numerous  attempts  which  have  been  made  to  improve  the 
centrifugal  governor  hitherto  almost  exclusively  used,  or  to  effect 
the  regulation  by  other  means.  Practice  has  hitherto  decided  on 
the  retention  of  the  centrifugal  governor,  as  it  excelled  the  new 
forms  both  in  sensitiveness  and  also  to  a  great  extent  in  simplicity 
and  durability.  As  our  governor,  founded  on  a  new  principle, 
has  already  been  frequently  tested  with  extremely  favourable 
results,  we  shall  not  refrain  longer  from  publishiDg  an  account 
of  it. 

We  too  use  the  conical  or  centrifugal  pendulum  for  regulation, 
but  in  quite  a  different  way  from  the  centrifugal  governor,  in 
which  the  rotation  of  the  double  pendulum  is  wholly  dependent 
on  the  speed  of  the  engine.  If  the  speed  of  the  engine  varies  and 
the  governor  in  consequence  revolves  more  quickly  or  more 
slowly,  the  pendulums  assume  a  greater  or  less  height  of  rotation, 
depending  on  the  altered  velocity  of  rotation,  and  modify  the 
speed  of  the  engine  by  this  altered  position.  Our  simple  or 
double  conical  pendulum  on  the  contrary  moves  freely  and  quite 
independently  of  the  speed  of  the  engine  in  smaller  and  therefore 
more  isochronous  revolutions. 

Therefore  if  from  any  cause  the  existing  normal  proportion 
between  the  driving  power  and  load  of  the  engine  is  changed,  and 
in  consequence  it  begins  to  move  more  quickly  or  more  slowly, 
the  free  swinging  pendulum,  which  retains  its  original  velocity, 
must  either  lag  behind  or  gain.  In  our  governor  the  regulation 
of  the  speed  of  the  engine  is  made  to  depend  on  the  diversity  of 
the  travel  of  the  engine  and  governor  in  equal  times,  or  rather  on 
the  difference  of  the  two.  We  think,  therefore,  that  we  may 
aptly  call  it  a  differential  governor,  to  distinguish  it  from  the 

♦  Dingler's  Polyt.  Journal,  1845,  Vol.  XCVIII.  p.  81. 
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oeafcrifiigal  governor,  which  is  dependent  on  centrifugal  force. 
Oar  constractions  of  regulators,  baaed  on  the  above-mentioned 
general  principle,  are  nevertheless  essentially  different  in  the 
mechanical  means  by  which  the  difference  of  the  travel  of  the 
engine  and  governor  in  equal  times  is  changed  into  an  indepen- 
dent motion,  and  hence  made  applicable  for  the  regulation  of  the 
motive  power.  In  order  to  effect  this,  the  velocity  of  rotation  of 
the  engine  and  of  the  governor  must  be  so  combined  mechanically 
that  equal  velocities  of  both  entirely  annul  one  another  so  far 
as  the  production  of  a  third  motion  is  concerned,  and  that  this 
last,  when  it  does  occur,  is  only  dependent  on  the  difference  of  the 
motion  of  the  two  former. 

We  obtain  this  generally  in  three  different  ways,  viz. :— 

1.  By  a  combination  of  male  and  female  screws. 

2.  By  the  combination  of  a  toothed  wheel  with  a  so-called 

endless  screw,  movable  in  its  bearings,  and 

3.  By  means  of  three  wheels  gearing  into  one  another. 

I.  By  the  Combination  of  a  Mais  and  FemaU  Screw, — The 
engine  turns  a  screw  a  (Fig.  1)  which  can  slide  in  its  bearings. 


Fig.  1. 
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The  corresponding  female  screw  h  is  turned  in  the  same 
direction  with  a  constant  velocity  by  the  action  of  the  governor. 
If  the  speed  of  the  engine  agrees  perfectly  with  that  of  the 
governor,  the  two  screws  will  make  the  same  number  of  revolu- 
tions in  the  same  time.  No  shifting  of  the  screw  in  its  bearings 
will,  therefore,  take  place.  This  will,  however,  occur  if  the 
speed  of  the  engine  alters,  and  in  consequence  one  screw  will 
revolve  within  the  other,  and  this  revolution  will  continue  until 
the  variation  in  the  speed  of  the  engine  is  again  fully  balanced  by 
the  increase  or  diminution  of  the  motive  power,  which  is  made  to 
depend  on  the  travel  of  the  screw  barrel 
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When  both  EcreTrs  revolve  DDiformly  again  they  remain  in  the 
position  relatively  to  one  another  which  thej  had  at  the  moment 
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that  this  took  place,  and  nntil  a  new  disturbance  in  the  speed  of 
the  engine  occnra. 
In  order  to  avoid  the  consideiable  Iriction  which  opposes  the 
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revolation  of  one  screw  in  the  other,  and  at  the  same  time  to 
aToid  the  special  mechanism  which  would  be  necessary  to  main- 
tain the  pendalom  in  motion,  we  replace  the  female  screw  by  a 
doable  screw-shaped  path  and  the  male  screw  by  a  perpendicular 
axle  having  horizontal  arms  placed  within  the  former,  on  which 
two  friction  rollers  are  fitted,  which  roll  up  and  down  on  the 
above-mentioned  spiral-shaped  paths.  Such  a  governor  is  shown 
in  Fig.  2. 

The  two  spirals  c  c  are  rotated  by  the  conical  wheels  a  and  h  by 
means  of  a  collar.  This  is  worked  from  the  engine  either  by  means 
of  a  pulley  «,  or  by  a  train  of  wheels.  The  two  friction  rollers  /, 
which  are  fixed  on  the  two  ends  of  the  common  axle  g^  run 
on  the  two  spirals.  This  axle  is  connected  with  the  hollow 
cylinder  A,  which,  therefore,  rises  or  sinks  when  the  friction- 
wheels  roll  up  or  down.  The  axle  %  inside  the  hollow  cylinder 
is  rotated  by  the  pendulum,  and  is  provided  with  two  pins  A;, 
which  engage  in  two  opposite  grooves  in  the  interior  of  the 
hollow  cylinder.  The  friction  opposed  to  the  up  and  down 
motion  of  the  hollow  cylinder  is  reduced  as  much  as  possible  by 
small  friction  rollers,  with  which  these  pins  are  provided.  The 
revolution  of  the  hollow  cylinder  thus  depends  on  the  axle  t^  and 
consequently  on  the  pendulum.  The  connection  of  the  two 
latter  is  so  arranged  that  the  conical  pendulum  m,  which  is 
suspended  by  the  ball  joint  /,  is  extended  upwards  beyond  the 
point  of  suspension.  The  point  n  of  this  extension  of  the 
pendulum  rod,  therefore,  describes  a  circle,  when  the  pendulum 
is  in  motion.  It  engages  in  a  circular  groove  curved  downwards 
in  the  metal  piece  (?,  fixed  to  the  lower  end  of  the  axle  «.  The 
motion  of  the  axle  is,  therefore,  dependent  on  that  of  the 
pendulum,  whilst  this  latter  is  free  to  swing  in  greater  or  smaller 
circles.  The  series  of  actions  of  the  whole  mechanism  will  now 
be  easily  understood.  The  friction  rollers  are  pressed  down  by 
the  weight  of  the  hollow  cylinder  h,  and  thus  tend  to  roll  down 
the  paths.  But  as  this  can  only  happen  according  to  the  rotation 
of  the  pendulum,  this  uniform  force,  which  is,  if  necessary,  in- 
creased by  weights  py  maintains  the  pendulum  in  uniform  oscil- 
lation. If  the  Engine  stand  still,  and  the  pendulum  alone  be  set  in 
motion,  the  friction  rollers  ^  would  have  rolled  down  the  whole 
length  of  the  spirals,  when  the  pendulum  had  completed  two- 
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fifths  of  a  revolution.  If  now  the  opposite  suddenly  took 
place,  «.«.,  if  the  pendulum  stood  still,  and  the  engine  had 
its  normal  velocity,  the  friction  rollers  would  roll  up  again  in  the 
same  time.  If,  therefore,  engine  and  pendulum  move  at  the  same 
time  and  synchronously,  the  wheels  are  raised  just  as  much 
by  the  former,  as  the  latter  allows  them  to  fall  in  the  same 
interval  of  time.  They  must,  therefore,  remain  just  as  they  were 
when  the  motion  of  both  became  uniform.  If  the  engine  from  any 
cause  begins  to  go  more  quickly,  the  spirals  will  revolve  more 
quickly  in  the  same  proportion.  The  friction  rollers  must, 
therefore,  commence  an  ascending  motion.  If  the  motive  power 
is  now  diminished  by  the  upward  motion  of  the  hollow  cylinder 
connected  with  it,  for  instance,  if  the  steam  valve  is  closed,  this 
motion  continues  until  equilibrium  between  motive  power  and 
load  has  been  again  fully  established,  and  the  engine  has  again 
resumed  its  normal  speed. 

In  order  that  no  violent  action  on  the  pendulum  may  take 
place  when  the  engine  is  started,  and  when  extraordinary  dis- 
turbances in  its  speed  occur,  it  is  arranged  that  when  the  friction 
rollers  have  arrived  at  the  upper  or  lower  limit  of  their  travel, 
the  friction  rollers  fixed  on  the  pins  of  the  axle  then  come  out  of 
the  grooves  in  the  interior  of  the  hollow  cylinder.  By  this  means 
the  connection  between  this  latter  and  the  axle  i  is  interrupted, 
and  both  can  now  revolve  independently  of  one  another. 
When  the  abnormal  velocity  of  motion  of  the  engine  has  been 
checked  by  the  complete  closing  or  opening  of  the  steam 
valve  corresponding  to  this  position  of  the  friction  rollers,  the 
friction  rollers  fall  back  into  the  next  pair  of  grooves  of  the 
hollow  cylinder. 

This  is  effected  merely  by  the  weight  of  the  latter  when  at  its 
highest  point,  but  on  the  contrary  by  a  spring  q  when  at  its 
lowest  point.  In  order  that  it  may  not  be  necessary  to  set  the 
pendulum  swinging  by  hand  when  the  engine  is  started  the 
groove  in  the  metal  piece  o  is  made  only  so  long  that  the 
pendulum  when  at  rest  is  still  a  few  degrees  out  of  the  perpen- 
dicular. The  amplitude  of  the  pendulum  can  be  arranged  as 
desired  by  means  of  the  weight  p  as  the  frictional  and  air  resist- 
ance increases  with  it,  but  the  force  moving  the  pendulum 
remains  unaltered*    The  amplitude  must,  therefore,  always  return 
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to  its  nonnal  amoant,  after  it  has  been  somewhat  increased  or 
redaoed  for  a  time  \>y  the  gorertior  having  to  g\Ya  ofF  power. 

2.  By  a  Combinatitm  of  a  Toothed  Wheel  and  EndlMs  Screw. — 
The  Bcrew  a,  citable  of  sliding  in  its  bearings  c  and  d  (Fig.  3)> 

Fig.  3. 


n  turned  hy  the  engine  by  means  of  a  cord  or  wheel  connection. 
Ifc  gears  into  the  little  toothed  wheel  i,  which  is  tnrned  hy  the 
pendnlnm.  The  latter  may  either  be  a  simple  pendnlnm,  as  in 
Fig.  2,  or  a  donble  one,  as  here  assumed.  With  normal  speed  of 
the  eoiglue,  the  scutiw  miut  be  turned  so  qaicldy  that  it  would 
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rotate  the  wheel  h  onoe  if  it  were  looee,  in  the  same  time  that  the 
pendolom  makes  one  swing.  Then  if  h  is  connected  with  the 
pendulum,  it  will  screw  as  quickly  on  the  wheel  towards  c,  as  that 
would  be  pushed  towards  d,  if  it  did  not  turn.  It  mu6t>  there- 
fore,  with  this  normal  speed  of  the  engine,  maintain  its  position 
unaltered.  A  weight  e  tends  always  to  shift  it  towards  d.  The 
grip  in  the  teeth  of  the  wheel  h  is  opposed  to  this,  through  which 
wheel  this  force  is  transferred  to  the  pendulum,  which  is  thus 
maintained  in  motion.  If  the  engine  changes  its  normal  speedy 
and  if  the  screw  in  consequence  revolves  more  quickly  or  more 
slowly,  it  must  move  forward  in  the  one  or  other  direction,  until, 
by  the  resulting  change  in  the  position  of  the  steam  valve,  each 
change  of  motion  is  again  annulled  and  the  speed  of  the  engine 
therefore  again  perfectly  regulated. 

As  with  a  double  pendulum  not  much  more  force  is  necessary 
to  swing  it  in  larger  amplitudes,  a  contrivance  is  necessary  in 
order  to  maintain  this  by  which  a  resistance  against  the  revolu- 
tion, increasing  with  the  amplitude,  is  set  up  as  constant  os 
possible.  This  is  here  so  arranged  that  the  cone  /,  covered 
with  leather,  is  pressed  with  a  force  increasing  with  the  ampli- 
tude against  the  fixed  hollow  cone  g.  The  cone  /  is  movable 
along  the  axle  of  the  pendulum,  and  its  pressure  against  the 
hollow  cone,  and  consequently  also  the  frictional  resistance,  is 
dependent  on  the  total  pressure  of  the  spring  i,  through  the 
metal  piece  h.  The  frictional  resistance,  therefore,  increases  with 
the  amplitude. 

8.  By  three  wheels  gearing  into  each  other. — If  one  wheel  is 
turned  by  the  engine  and  another  by  the  governor  in  the  opposite 
direction  and  with  the  same  circumferential  velocity,  then  a  third 
wheel  gearing  into  both  is  turned  by  them  uniformly  around  its 
axis  without  any  effort  being  imparted  to  it  to  move  forward  in 
the  direction  of  the  motion  of  one  of  the  wheels.  As  soon, 
however,  as  a  change  of  motion  takes  place,  the  connecting  wheel 
must  quit  its  place,  and  roll  forward  in  the  direction  of  the 
motion  of  the  wheel  which  revolves  more  quickly.  This  can  be 
effected  : 

A.  By  spur-wheels : 

A  toothed  wheel  b  is  fixed  on  the  main  axle  a  of  the  engine 
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(Fig.  4)  or  00  anotbet  rotated  by  meane  of  it. 
fitted  on  the  same  axle  having  tieeth  inside  i 


The  loose  wheel  c 
I  revolved  by  the 


^ 


governor.    The  pinion  d  gears 

into  both,  the  axle  of  which  is  in 

connection  with  the  collar  e,  also 

placed  loosely  ou  the  axle.     This 

collar  ia  provided  with  the  lever/, 

by  which    the    steam  valve    is 

moved.     If  the  wheels  b  and  e 

are  turned  in  opposite  directions 

with   the    same   circumferential 

velocity,  the  pinion,  and  with  it 

the    collar   e  and    the  lever  /, 

maintain  theii' positions  unaltered. 

But  if  the  speed  of  the  engine 

altera,  the  pinion  mnst  roll  forward 

in  the    direction   of   the   more 

quickly  mo\'ing  wheel.  The  collar 

fl  will  then  be  turned  until,  by  the 

motion  of  the  lever  /  connected 

with  it,  the  equilibrium  between 

motive  power  and  load,  which  has    been  disturbed,  is  ^ain 

perfectly  reproduced.    The  weight  g  always  tends  to  turn  the 


n/ 
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collar  tf  in  the  direction  of  the  wheel  turned  by  the  pendulum.  This 
force  \r  transferred  to  the  wheels  h  and  c  bj  means  of  the  teeth  of 
the  pinion,  and  the  pendulum  thus  kept  in  motion.  In  order  that 
on  starting  and  stopping  the  engine  there  may  be  no  violent  action 
on  the  double  pendulum,  which  is  here  provided  with  one  of  the 
above  described  frictiou  arrangements,  the  conical  wheel  h  is  con- 
nected with  the  pendulum  axis  bj  friction. 

B.  By  conical  wheels  : 

Two  wheels  a  and  h  (Fig.  6),  placed  opposite  to  one  another  on 
the  same  axis,  are  revolved  in  opposite  directions  with  equal 
velocities^  one  by  the  engine  and  the  other  by  the  pendulum.  The 
conical  wheel  c,  which  is  connected  with  the  loose  collar  d  and 
the  lever  b  fixed  to  it,  gears  into  both.  By  means  of  a  weight 
fixed  anywhere  the  lever  e  is  drawn  back  and  the  pendulum 
thereby  kept  in  motion.  In  the  arrangement  here  shown  the 
axis  /  of  the  pendulum,  together  with  the  conical  wheel  a,  is 
driven  by  the  engine  in  the  ordinary  way.  The  double  pendulum 
bangs  from  the  sleeve  g^  to  which  also  the  conical  wheel  h  is 
fixed.  The  pendulum,  therefore,  turns  in  the  opposite  direction 
to  its  axis.  In  order  to  give  the  pendulum  as  constant  an 
amplitude  as  possible,  a  variable  frictional  i*esistance  is  employed 
here  also.  The  disc  h  is  pressed  down  by  a  spring  m.  It  is 
turned  by  a  groove  and  feather  from  the  pendulum  axis  and  lies 
on  the  ring  ^  which  is  turned  by  the  conical  wheel  h  in  the 
opposite  direction.  This  is  effected  by  means  of  two  lugs  k^  which 
protrude  from  the  ring  and  through  the  conical  wheel.  Two 
projections  I  connected  to  the  pendulum  bars  press  against  these 
lugs.  If  the  pendulums  make  larger  oscillations,  the  ring  %  and 
the  disc  lying  on  it  are  raised,  and  the  spring  m  is  compressed. 
The  disc  and  ring  are  thus  pressed  together  with  much  more 
force,  and  the  friction  is  increased  in  the  same  proportion. 

As  all  the  modifications  of  our  governor  which  have  been 
described  depend  on  the  same  principle,  viz.,  differential  motion, 
they  all  work  equally  well,  if  only  back  lash  is  avoided  as  much 
as  possible,  and  the  weight  and  length  of  the  pendulum  is 
made  to  correspond  to  the  force  necessary  for  the  regulation  of 
the  speed  of  the  engine.  The  proportions  of  the  pendulum  must 
be  farther  adjusted  to  the  sensitiveness  of  the  governor.    The 
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shorter  the  time  in  which  it  completes  its  action,  and^  therefore, 
the  greater  its  sensitiveness,  the  shorter  and  lighter  can  the 
pendulum  be  made.  Yet  the  increase  of  its  sensitiveness  is 
limited  by  the  unavoidable  back  lash  in  the  governor,  and  the 
irregularities  proper  to  the  motion  of  the  engine,  which  should 
not  exert  too  great  an  influence  on  its  play.  Hence  the  more 
regularly  the  engine  runs,  and  the  less  the  back  lash  in  the 
governor,  the  more  sensitive  and  the  lighter  can  the  latter  be 
made.  In  the  case  of  good  eugines  with  adequately  heavy  fly- 
wheels, a  governor  of  this  construction  seems  the  most  advan- 
tageous with  which  the  total  closing  of  the  throttle-valve  is 
effected  by  one-fifteenth  or  even  one-thirtieth  of  a  revolution  of 
the  engine,  if  the  valve  was  at  first  wide  open,  and  the  pendulum 
at  rest.  Under  more  unfavourable  conditions  the  sensitiveness  of 
the  governor  must  be  made  considerably  less,  but  a  certain  limit 
cannot  be  exceeded,  as  otherwise  periodical  fluctuations  in  the 
stroke  of  the  engine  must  occur. 

With  the  centrifugal  governor  an  acceleration  of  the  speed  of 
the  engine  by  one-twentieth  of  a  revolution  cannot  be  indicated, 
because  the  centrifugal  force  of  the  balls  is  not  sufficiently  in- 
creased by  this  slight  increase  in  the  velocity  of  revolution  to 
overcome  the  resistance  opposed  to  their  flying  out.  The 
differential  governor  has  completed  its  full  action,  and  again 
completely  regulated  the  speed  of  the  engine,  before  the  centrifugal 
governor  has  even  begun  to  move. 

Experience  proved  this  absolutely  in  an  engine  simultaneously 
fitted  with  a  differential  and  centrifugal  governor.  The  latter 
did  not  move  even  with  the  greatest  alterations  in  the  load. 
There  is,  moreover,  this  great  difference  between  the  performance 
of  the  two  governora,  viz.,  a  centrifugal  governor  can  only  alter 
but  cannot  completely  stop  the  existing  difference  of  motion  of 
the  engine,  the  differential  governor  absolutely  compels  it  to  take 
up  again  the  speed  determined  on.  As  this  happens  in  the  very 
first  moments  of  the  change  in  velocity  which  takes  place,  the 
fluctuations  in  the  speed  of  the  engine,  which  must  necessarily 
occur,  become  imperceptibly  small,  and  the  back  fluctuations, 
which,  according  to  theory,  must  occur  in  the  differential  governor 
also,  are  no  longer  perceptible  even  in  the  governor  itself,  since 
they  lie  within  the  limit  of  the  unavoidable  back  lash.    With 
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our  governor  we  can  further  oyercome  considerable  resistances,  if 
this  only  takes  place  safBcientlj  qaicklj  and  the  single  or  doable 
pendnlnm  is  long  and  heavy  enoagh.  It  hence  serves  for  regu- 
lating the  speed  of  water-engines  and  even  wind-mills. 

We  employ  as  a  rale,  in  cases  where  considerable  force  is 
necessary,  as,  for  instance,  when  the  regnlation  of  the  steam- 
engine  has  to  be  effected  by  an  alteration  in  the  rate  of  expansion 
of  the  steam,  a  double  pendulum  with  variable  friction,  but  in 
those  cases  where  the  force  is  very  small,  as,  for  instance,  when 
an  easily  tamed  steam  valve  has  to  be  moved,  a  simple  pendulum 
swinging  in  a  ball  joint.  In  this,  as  experience  has  shown,  there 
is  no  wear  of  the  ball  joint  if  only  it  is  sufficiently  protected  from 
dust.  With  a  governor  in  constant  use  for  six  months,  the  ball 
joint  was  not  worn  in  its  cast-iron  bearing,  but  only  polished  in 
some  places.  With  the  double  pendulam  the  friction  resisting  the 
flying  apart  of  the  balls  must  be  reduced  as  much  as  possible,  as 
otherwise  the  mean  speed  of  the  engine  does  not  remain  constant. 
The  question  as  to  which  of  the  various  forms  of  governor  is 
most  suitable  cannot  receive  a  general  answer.  For  the  engine 
builder  this  great  variety  in  its  form  is  very  desirable,  for  it 
permits  him  in  designing  the  engine  to  deal  freely  with  the  space 
avaUable,  and  to  put  the  governor  where  he  can  most  conveniently 
find  room  for  it. 


APPLICATION  FOR  A  PATENT  FOR  A  NEW  KIND 
OF  ELECTRIC  TELEGRAPH  AND  COMBINED 
ARRANGEMENT  FOR  PRINTING  MESSAGES .♦ 

All  the  telegraphs  hitherto  used  depend  on  the  dynamical 
action  of  the  galvanic  current,  and  the  signals  are  conmiunicated 
by  a  determined  series  of  short  currents  following  one  another  more 
or  less  quickly.  The  telegraph  apparatus  hitherto  known  differ 
essentially  from  one  another  in  the  application  of  the  electro-mag- 
netic force  of  the  circuit  of  the  electric  battery  (which  has  been 
nlmost  exclusively  used  on  account  of  its  more  intense  action) ;  in 

♦  l8t  May,  1847. 
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all,  however,  the  sequence  of  making  and  breaking  the  working 
current  is  arbitrary,  and  is  effected  either  by  hand  or  by  special 
clockwork  driven  either  by  a  weight  or  spring.  The  dynamical 
action  of  the  current  is,  however,  dependent  on  its  strength  ; 
therefore,  the  velocity  with  which  the  makes  and  breaks  follow 
one  another  must  depend  on  it  if  the  speed  of  signalling  is  to  be 
made  as  rapid  as  possible,  and  the  danger  is  not  to  be  risked  of 
exceeding  the  limit  of  the  interval  necessary  for  the  completion  of 
the  desired  motion,  and  so  to  disturb  the  synchronous  movement 
of  the  apparatus  in  circuit.  In  the  electro-magnetic  telegraphs 
almost  exclusively  used  in  recent  times  there  are,  however,  other 
and  more  considerable  inconveniences  connected  with  this  in- 
dependent or  arbitrary  change  of  current,  the  existence  of  which 
has  hitherto  led  to  a  certain  amount  of  insecurity  in  them.  The 
magnetism  is  only  developed  gradually  in  the  soft  iron  core  of 
electro-magnets  and  completely  only  after  a  certain  interval  of 
time.  Yet  more  important  is  the  time  necessary  for  the  disappear- 
ance of  the  magnetism  after  the  current  is  inteiTupted.  Were  it 
always  necessary  to  wait  until  the  magnetism  had  been  completely 
developed  the  action  of  the  apparatus  would  be  too  slow.  If  the 
breaks  were  allowed  to  follow  one  another  more  quickly  there  is 
evidently  much  more  danger  of  dropping  an  individual  signal 
if  the  speed  of  the  reversals  of  the  current  and  its  strength  are 
not  always  constant,  both  of  which,  as  is  known,  cannot  be 
attained.  These  drawbacks  are,  moreover,  intensified  by  the  fact 
that,  even  after  the  final  intemiption  of  the  current,  the  magnetic 
attraction  of  the  iron  cores  continues  to  a  certain  extent,  which  is 
approximately  proportional  to  the  previous  attractive  force.  This 
remanent  attractive  force  may  easily  become  so  considerable  with 
an  increased  cun-ent,  or  with  an  increased  duration  of  working, 
that  the  armature  will  no  longer  fall  away,  and  consequently  the 
working  of  one  or  all  the  instruments  in  circuit  will  cease 
entirely.  I  have  succeeded  in  completely  removing  these  incon- 
veniences of  electro-magnetic  telegraphs  by  effecting  the  breaking 
and  making  of  the  current  by  means  of  the  apparatus  itself, 
which  makes  the  velocity  of  the  reversals  dependent  only  on  the 
strength  of  the  current  and  the  magnitude  of  the  resistance  to  be 
overcome.  This  is  effected  (as  in  the  case  of  steam-engines  with 
spring  slide  valves)  by  a  movable  lever  or  slide  being  moved  at 
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the  last  moment  of  the  motion  of  the  oscillating  part  of  the 
apparatus,  and  in  this  way  the  closing  contact  of  the  conducting 
wire  is  alternately  made  and  broken.  If,  therefore,  two  or  more 
snch  apparatus  are  joined  up  in  the  same  circuit,  the  current  cannot 
circulate  until  both  or  all  the  slides  have  made  contact.  If  the 
instruments  consequently  work  individually  at  different  speeds, 
they  must  yet  advance  synchronously  when  connected  up  in  the 
same  circuit,  for  the  quicker  going  apparatus  must  wait  before 
each  new  impulse  for  the  making  of  the  contact  by  the  slide  of 
the  most  slowly  moving  apparatus,  consequently  the  commence- 

Fiff.  6. 


ment  of  all  fresh  impulses  always  coincides  in  all  the  instruments. 
As,  in  this  way,  each  apparatus  interrupts  the  current  at  the 
moment  in  which  the  magnetism  of  its  electro-magnet  has  finished 
the  work  it  has  to  do,  the  magnetism  can  never  increase  beyond  this 
point,  as  it  may  with  arbitrary  interruption,  when  this  takes  place 
too  slowly.  Therefore,  with  the  greatest  difference  in  the  intensity 
of  the  current  employed,  there  can  be  no  danger  of  the  interrup- 
tion of  the  uniform  advance  of  the  apparatus  if  the  intensity  is 
only  great  enough  to  move  it  forward  at  aU.  This  was  fully 
confirmed  in  practice,  for  the  first  two  telegraphs,  with  automatic 
current-breakers,  whiqh  I  have  had  made  by  Messrs.  Boettcher 
and  Halske,  mechanicians,  supported  a  sudden  increase  of  about 
six  times  the  original  strength  of  current  without  their,  regular 
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action  being  disturbed.  This  automatic  regulation  of  the  current, 
which  I  look  upon  as  my  invention  in  so  far  as  it  is  applicable  to 
oscillatory  electro-magnetic  apparatus,  and  especially  to  electric 
telegraphs,  and  is  workable  by  means  of  a  movable  piece  of  metal, 
is  susceptible  of  the  most  varied  arrangement  and  application,  and 
can  be  applied  to  all  present  systems  of  needle  and  printing 
telegraphs  instead  of  the  current-breakers  employed  in  them. 


As  an  example,  a  printing  telegraph  is  shown  in  the  following 
figures,  which  has  been  constructed  of  double  the  size  shown  in 
Figs.  7  and  9,  and  is  already  in  use. 

Fig.  6  gives  a  perspective  view  of  the  complete  apparatus, 
without  the  base  plate  into  which  the  lower  part  is  fixed. 

Fig.  7,  an  elevation,  with  the  ring  surrounding  the  upper 
portion,  and  the  base  plate,  removed. 

Fig.  8,  a  plan,  with  the  upper  plate,  letter  plate  and  key 
removed. 
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Fig.  9,  a  vertical  section  on  line  C  D  of  the  plan,  and  A  B  of 
the  eleTation. 

Fig.  10,  a  detail  drawing  of  the  rotating  axle  with  the  portions 
fixed  to  it. 

Fig.  8. 
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The  frame  consists  of  three  horizontal  plates  connected  by 
means  of  columns.  On  the  upper  plate,  equally  spaced  around  the 
circle,  are  80  keys  (Fig.  6)  similar  to  pianoforte  keys,  which  are 
marked  with  letters  or  numbers.    They  surround  the  dial  plate, 

TOL.  II.  0 
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over  which  a  poiDter  works  nnder  a  thick  glasB  plate.  Fig.  9 
gives  a  Bection  throngh  the  centre  of  the  upper  plate,  with  the 
keys  Ijiog  upon  it.  Each  key  conBista  of  a  metal  piece,  a,  covered 
with  wood  and  ivory,  which  lies  on  the  head  of  a  pin,  h.  These 
pins  pass  through  80  holes  bored  in  the  upper  plate  at  equal 
dietances  apart  and  from  the  centre,  and  are  movable  in  them. 

Fig.B. 


Each  pin,  with  the  key  resting  on  it,  is  raised  by  meuns  of  a 
spring,  c,  when  there  is  no  fioger-pressore  upon  it.  A  vertical 
axis,  d,  passes  through  the  centre  of  the  upper  round  plate.  This 
carries  on  its  upper  end  the  pointer  already  mentioned,  also 
immediately  under  the  plate  an  arm,  e,  the  end  of  which  is  curved 
upwards  and  cut  obliquely  and  passes  close  under  the  pins  cut 
obliquely  to  correspond.  If  a  key  is  pressed  down  the  pin  belong- 
ing to  it  is  depressed  so  far  below  the  upper  plate  that  the  end  of 
the  arm  strikes  against  it,  and  the  further  rotation  of  the  asis  is 
thus  prevented.    The  wheel,/,  is  also  carried  hy  the  axis,  rf,  which 
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bas  ite  lower  beariog  in  the  middle  horizontal  plate.  This  wheel 
has  30  teeth,  aad  is  so  cut,  that  in  the  plan  (Fig.  8)  it  is  a  ratchet, 
and  in  the  eide  view  (Fig.  10)  it  is  a  crown  wheel  with  Binall 
upright  teeth.  The  forward  motion  of  the  wheel,  with  the  aile, 
is  effected  hj  the  oecillatory  motion  of  the  horizontal  lever,  g,  to 
the  end  of  which  a  spring,  A,  is  filed,  which  forma  a  hook  at  the 
end  catching  in  the  teeth  of  the  tread  wheel,/.  This  lever  is 
fixed  on  the  axle  of  a  revolvable  horseshoe  magnet, » (Figs.  7,  8), 
the  short  unwound  legs  of  which  are  attracted  hy  the  legs  of  a 
second  electro-magnet,  k,  quite  similar  but  fixed,  when  the  wire 
EuiTonnding  both  m^nets  is  traversed  by  an  electric  current. 
Fig.  10. 


The  coQvoIntions  of  the  revolvable  magnet,  iy  are  wound  round  a 
split  brass  cylinder,  which  is  fixed,  and  closely  surrounds  the 
armature  without  touching  it.  This  possesses  the  advantage  that 
the  mass  of  the  surronndiDg  wire  does  not  take  part  in  the  move- 
ment, and  consequently  the  moment  of  inertia  of  the  oscillating 
magnet  is  considerably  diminished.  The  spiral  spring,  I,  acting 
on  the  lever,  g,  opposes  the  reciprocal  attraction  of  the  magnet, 
and  therefore  tnme  back  the  magnet,  1,  with  the  lever,  g,  when  the 
current  which  elTects  a  motion  in  the  opposite  direction  ia  inter- 
rupted. This  to-and-fro  motion  of  the  lever,  g,  is  limited  and  at 
the  same  time  produced  by  its  striking  on  the  two  stops,  m  and  n. 
These  are  fixed  on  the  short  leg  of  a  bent  lever,  0,  which  can 
revolve  aroand  a  vertical  pin.  Its  rotation  is,  however,  kept  with- 
in very  narrow  limits  by  a  similar  fixed  stop,  ^,  against  which  ita 
second  longer  leg  strikes  when  the  lever,  g,  strikes  the  stop,  m, 
and  by  the  insulated  metal  piece,  q,  which  limits  the  rotation  of 
the  bent  lever  in  the  opposite  direction,  when  the  lever,  y,  is 
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thrown  against  the  stop,  n,  by  the  force  of  the  spiral  spring.    The 
points  of  contact  of  the  insulated  metal  piece,  q,  and  of  the  long 
arm  of  the  bent  lever,  o,  are  plated  with  gold  or  platinum  to 
present  a  non-oxidizable  contact.    The  contact  surfaces  are  cut 
obliquely  in  such  a  way  that  the  end  of  the  bent  lever,  <?,  slides  a 
little  along  the  metal  piece,  q,  owing  to  its  elasticity.    In  this  way 
the  contact  surfaces  are  always  kept  clean  and  continuity  of 
contact  ensured  by  obviating  the  back  lash.     For  this  purpose 
an  additional  spring  is  fixed  to  the  bent  lever,  which  slides  on  an 
adjustable  stone,  and  by  its  friction  thus  assures  both  the  contact 
and  its  breaking.     If  now  the  metal  pieces,  o  and  q,  and  the 
coils  of  the  magnets  are  joined  up  in  the  circuit  of  a  battery^ 
the  current  can  only  circulate  so  long  as  the  contact  between  & 
and  q  coutinues,  which,  as  explained  above,  is  established  by  the 
action  of  the  spring,  I.     The  magnets   are  energized  by  the 
current  now  circulating ;  the  lever,  g,  moves  against  the  pull  of 
the  spring  until  it  strikes  the  stop,  m,  by  which  further  motion  in 
this  direction  is  arrested  and  the  contact  simultaneously  brokeur 
The  spring,  /,  to  the  influence  of  which  alone  the  lever,  g,  and  the 
revolvable  magnet  are  now  left,  now  moves  them  back,  again 
makes  contact,  and  thus  brings  about  a  new  impetus,  etc.     At 
each  oscillation  the  hook  of  the  style,  h,  placed  at  the  end  of 
the  lever,  g,  draws  the  stop  wheel  a  tooth  farther  forward.    To 
secure  this  intermittent  forward  motion  of  the  wheel  a  pawl,  r^ 
is  fixed  (Fig.  10),  which  prevents  any  back  lash,  and  further,  a 
steel  piece,  s,  hooked  beneath,  is  fixed  to  the  lever,  g,  and  engager 
between  the  vertical  teeth  of  the  wheel  to  prevent  its  flying  back 
after  the  completion  of  the  impulse.    If  now  the  arm,  e,  placed 
on  the  axis  of  the  wheel,  is  so  arranged  that  it  strikes  on  the 
depressed  pin  before  the  lever,  g,  strikes  the  stone,  w,  therefore 
before  the  completion  of  the  backward  impulse,  this  can  be  no 
longer  completed,  since  the  hook  of  the  style  is  held  fast  by 
the  arm  of  the  wheel.    The  contact  is  not,  therefore,  re-estab- 
lished, and  the  remaining  apparatus  in  circuit  must  equally  remain 
at  rest,  for  no  new  current  enters.    If  the  wheel  is,  however,  freed 
by  the  release  of  the  key,  the  lever,  y,  completes  its  backward 
impulse,  the  missing  contact  is  made,  and  the  motion  of  the 
apparatus  begins  anew,  and  continues  until  again  broken  by  the 
pressing  down  of  another  key  when  the  pointer  reaches  it. 
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As  is  clear  from  the  above,  the  operation  of  telegraphing  with 
my  telegraph  consists  simply  in  depressing  successively  the  keys 
marked  with  the  signs  to  be  transmitted  until  the  pointer  reaches 
them  and  the  motion  is  stopped.  If  no  key  is  depressed  the 
apparatus  continues  in  motion  so  long  as  a  working  battery,  is 
inserted  at  any  point  in  the  circuit. 

The  speed  of  the  motion  is  dependent  on  the  strength  of  the 
battery,  and  it  can  be  seen  from  the  slower  motion  when  the 
battery  has  to  be  renewed.  In  order  that  the  apparatus  may  not 
continue  in  motion  when  it  is  not  in  use  each  is  provided  with  a 
special  mechanism  by  which  a  battery  can  be  inserted  or  withdrawn. 
This  consists  of  a  vertical  axis,  i  (Figs.  7  and  8),  which  passes 
through  a  comer  of  the  middle  square  plate,  and  is  provided  at 
its  upper  end  with  a  handle,  u.  Two  ezcentric  discs,  y  and  z, 
insulated  from  each  other  and  from  the  axis  by  ivory,  are  placed 
on  this  axis  ;  close  opposite  to  them  stand  the  insulated  springs  v 
and  IV,  on  the  one  side  and  the  spring,  x,  on  the  other.  The 
springs,  v  and  ir,  communicate  with  the  poles  of  a  galvanic  battery, 
the  insulated  discs,  //  and  z^  form  the  ends  of  the  conducting  wire  ; 
the  one  is,  therefore,  in  connection  with  earth  and  the  other  with 
the  bent  lever,  o.  If  the  handle  is  turned  so  that  the  discs,  y  and 
2y  come  in  contact  with  v  and  Wy  the  battery  is  joined  up,  and  the 
apparatus  must  set  itself  in  motion;  when  turned  back,  both 
discs  touch  the  spring,  Xy  when  freed  from  the  springs  v  and  Wy 
and  are  therefore  brought  into  communication  with  one  another. 
If  the  handles  of  both  telegraphs  inserted  in  one  circuit  are  in  the 
last  position,  the  circuit  is  closed;  all,  therefore,  that  is  required  to 
set  the  apparatus  in  motion  is  the  turning  of  one  handle.  If,  then, 
the  other  handle  is  also  turned  both  batteries  are  in  action,  and 
the  velocity  of  both  apparatus  is  doubled  if  the  batteries  are  of 
equal  strength. 

If  the  above  described  apparatus  are  to  be  used  without  an 
arrangement  for  printing  messages  a  call  can  be  used  with  them 
in  the  usual  way.  The  remaining  parts  shown  in  the  drawings 
constitute  the  printing  arrangement. 

A  tliin  turned  disc,  a,  of  hammered  Oerman  silver  is  placed  on 
the  axis,  d  (Fi^s.  7  and  8),  near  the  lower  bearing? ;  it  is 
strengthened  on  the  rim  with  a  ring.  On  the  under  side  of 
the  ring  the  signs  corresponding  to  the  dial  are  engraved  at  equal 


22  THE   SCIENTIFIC  PAPERS,    ETC,    OF 

distances  apart.  The  disc  has  a  radial  cut  between  each  pair  of 
types  so  as  to  form  30  springs,  united  at  the  centre,  each  of  which 
has  a  type  at  the  end. 

Below  the  types  a  revolvable  paper  roller,  h  (Figs.  7  and  9),  is 
placed  so  that  one  of  the  types  is  always  just  over  its  highest 
point.  The  paper  roller  is  covered  with  black  transfer  paper, 
above  which  a  smaller  paper  strip  passes.  If,  therefore,  a  blow  is 
given  to  the  type  immediately  over  the  roller  it  must  appear 
printed  on  the  underside  of  the  white  strip  of  paper.  The  type 
disc  is  so  arranged  that  the  letter  to  which  the  needle  points 
is  always  at  the  printing  place.  The  blow  is  given  by  one  end  of 
a  bent  lever,  c',  when  the  hammer,  d\  falls  on  it.  The  other  end 
of  the  bent  lever  carries  a  light  hammer,  which  strikes  simultane- 
ously against  a  bell.  The  apparatus  can  therefore  also  be  used 
for  giving  acoustic  signals.  A  spring  is  placed  under  the  bent 
lever  d  which  after  the  blow  raises  it,  together  with  the  hammer 
resting  on  it,  so  far  that  the  depressed  type  is  again  set  free. 

The  hammer  is  raised  by  the  armature,/,  of  the  electro-magnet, 
g^y  when  a  current  passes  through  its  convolutions  ;  it  falls  down 
when  this  current  is  interrupted.  This  happens  when  the  instru- 
ment is  at  rest.  Attached  to  the  insulated  piece.  Id,  is  the  insulated 
metal  piece,  f,  and  the  double-armed  lever,  h',  one  end  of  which  is 
pressed  by  a  weak  spring  against  the  metal  piece,  i.  In  the  other 
end  of  the  lever  a  ruby  is  set  against  which  the  lever,  g,  of  the 
telegraph  strikes  shortly  before  it  is  arrested  by  striking  on  the 
stop,  n.  The  contact  between  H  and  «'  is  therefore  always 
interrupted  on  the  completion  of  the  backward  impulse  of  the 
telegraph,  but  immediately  made  again  when  it  advances.  If  »' 
and  V  are  now  inserted  in  the  circuit  of  the  battery  of  the  printing 
magnet,^',  no  current  traverses  its  convolutions  when  the  telegraph 
is  at  rest,  for  then  the  lever,  g,  rests  on  the  ruby  of  the  lever,  k'. 
But  as  soon  as  the  telegraph  is  set  in  motion  the  armature  of  the 
printing  magnet  must  be  attracted,  and  the  hammer  consequently 
raised  and  kept  raised  whilst  the  telegraph  is  in  action,  for  the 
short  interruptions  of  the  current  at  the  end  of  each  oscillation  of 
the  lever,  g^  occur  too  quickly  to  allow  the  armature  to  fall.  This 
motion  is  fully  secured  by  a  proper  choice  of  the  strength  of 
the  battery  of  the  printing  magnet.  In  order,  nevertheless,  to 
obviate,  even  with  the  printing  mechanism,  the  disadvantageous 
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inflaenoe  of  the  changing  strength  of  the  battery,  and  especiallj 
to  asBore  the  fall  of  the  armature  under  all  circumstances,  the 
precaution  is  taken  that  the  current  traversing  the  convolutions  of 
the  electro-magnet  ceases  altogether  or  partially  when  the  hammer 
is  raised  and  the  magnetism  has  therefore  finished  the  work  it  had 
to  do.  This  is  effected  by  the  attraction  of  the  armature  being 
limited  by  an  insulated  stop  through  which  a  shunt  of  very 
slight  resistance  is  established  and  the  convolutions  are  thereby  cut 
out.  If  the  resistance  of  the  shunt  is  exceedingly  small  in  com- 
parison with  that  of  the  convolutions,  hardly  any  current  passes 
through  the  latter ;  the  armature  must  then  commence  to  fall  off. 
Immediately  after,  however,  the  shunt  is  interrupted  and  the 
armature  consequently  again  attracted.  The  armature  must 
therefore,  vibrate  after  the  manner  of  the  magneto-electric 
hammer,  and  whatever  the  strength  of  the  current,  must  fall  off. 
equaUy  quickly  and  certainly.  Instead  of  making  the  resistance 
of  the  shunt  exceedingly  small  it  can,  however,  be  made  so  great 
that  the  simultaneous  current  passing  through  the  convolutions 
suffices  to  hold  the  hammer.  I  employ  this  method  of  assuring 
the  fall  of  the  armature  without  the  current  of  the  active 
battery  being  interrupted,  when  the  armature  is  attracted,  as 
with  telegraph  magnets,  in  every  case  where  the  total  interrup- 
tion of  the  current  cannot  be  employed,  as,  for  instance,  in  alarm 
arrangements  and  bells.  It  is  also  applicable  for  assuring  the 
action  of  telegraphs  with  arbitrary  or  independent  interruption  of 
the  current. 

The  paper  roller,  b'  (Fig.  9),  rests  on  a  brass  tube,  Vy  slit  in  its 
length,  along  which  it  is  movable  in  the  direction  of  the  axis.  In 
this  tube,  which  turns  in  bearings,  m'  and  n\  is  a  cylindrical  metal 
piece,  o'y  which  is  connected  with  the  paper  roller  through  the  slit. 
The  screw,  p\  lying  in  the  interior  of  the  tube  passes  through  the 
metal  piece,  0',  and  works  in  its  thread.  If  the  screw  is  turned,  the 
metal  piece,  0',  moves  forward,  and  with  it  the  paper  roller,  in  the 
direction  of  the  axis.  Behind  the  bearing,  n\  are  placed  the 
two  toothed  wheels,/  andt',  of  which  the  first  is  fixed  to  the  tube« 
the  other  to  the  screw.  Their  diameters  are  equal,  but  one  has  a 
tooth  more  than  the  other.  Both  gear  into  a  broad  pinion.  In 
this  way  a  slow  lateral  movement  is  always  combined  with  the 
rotation  of  the  paper  roller,  which  prevents  the  printing  from 
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losing  its  clearoeBS  throngh  the  complete  wearing  oat  of  the 
transfer  paper.  The  bearings  of  the  paper  roller  rest  on  a  slide, 
i',  which  maj  be  drawn  out  without  difficnltj  when  the  paper 
roller  has  to  be  taken  oat  or  a  new  paper  strip  inserted.  Behind 
the  slide  stands  the  bearing,  i,  with  the  ratchet,  u',  the  axis  of 
which  coincides  with  that  of  the  slit  tube  and  of  the  paper  roller. 
If  the  slide  is  poshed  back  the  ratchet,  u',  and  the  toothed  wheel. 
r",  are  connected  by  means  of  a  coupler.  The  ratchet,  u',  ia 
pushed  forward  a  tooth  each  time  by  the  pawl,  v',  when  the  arma- 
(nie  of  the  printing  magnet  is  attracted  and  the  pawl  thereby 

Fig.  11. 


depressed.  In  this  way  the  white  paper  strip  is  moved  on  after 
each  impression  by  the  breadth  of  a  letter ;  the  writing  appears 
consequently  in  a  continuoufl  line  on  the  strip.  Fig.  11  represents 
an  arrangement  which  has  for  its  object  the  releasing  of  signal 
bells  on  railways  or  the  inserttoo  of  branch  telegraphs.  On  an 
iron  plate,  a,  stand  four  iron  rods  or  plates,  b,  c,  d,  e,  provided 
with  coils  of  wire.  Their  upper  ends  project  beyond  the  coils. 
The  wires  of  the  convolutions  are  so  joined  that  the  bars,  b  and  e, 
have  similar,  d  and  e,  opposite  polarity.  Between  these  foar  bars 
is  the  steel  magnet,/,  which  is  carried  by  the  perpendicular  axis, 
g.  The  ends  of  the  steel  magnet  are  always  attracted  by  the  two 
diagonally  opposed  poles  of  the  electro-magnet  and  simultaneously 
repelled  by  the  other  two  when  a  current  passes  through  the  coils. 


WERNER    VON  SIEMENS.  2$ 

If  the  direction  of  the  current  is  reversed^  the  direction  of  all  the 
attractions  and  repulsions  is  reversed  ;  the  steel  magnet  must,  there- 
fore, turn,  and  can  always  by  this  motion  do  mechanical  work. 
As,  however,  it  is  indifferent  to  the  magneto-electric  apparatus 
in  which  dii'ection  the  current  passes,  by  inserting  such  apparatus 
at  certain  points  of  the  line  continuous  mechanical  actions  can  be 
brought  about.  For  instance,  bells  can  be  set  going  without 
stopping  the  service  of  the  telegraphs.  This  arrangement  has  the 
advantage  over  other  known  combinations  of  steel  and  electro- 
magnets that  the  magnetism  of  the  first  cannot  be  diminished,  for 
its  poles  are  always  attracted  by  opposite  poles. 

The  electro-magnets  used  by  me  differ  from  those  hitherto  used 
e8<>entially  in  that  I  employ,  instead  of  massive  pieces  of  iron, 
bundles  of  covered  iron  wires,  or  iron  wires  otherwise  insulated 
from  one  another.  It  thus  becomes  possible  to  give  the  armature 
much  larger  dimensions  without  reducing  in  the  least  the  speed  of 
the  reversals  of  magnetic  intensity.  The  retardation  of  the 
reversal,  with  thick  iron  cores,  has  for  its  cause  the  induced 
currents  produced  in  the  iron  mass.  With  massive  iron  cores  or 
uninsulated  iron  wires  this  retardation  is  so  considerable  that  one 
is  compelled  to  use  very  thin  magnets,  and  consequently  very  light 
armatures.  Only  indirect  working  or  only  releasing  magnets  must 
be  used,  therefore,  with  quick  working  apparatus  if  the  speed  is 
not  to  be  too  much  reduced,  whilst  the  use  of  magnets  with  in- 
sulated iron  wires  does  away  with  clockwork  "without  necessitating 
stronger  currents  or  reducing  the  speed  of  the  apparatus. 

What  I  consider  as  new  and  essential,  and  desire  on  that 
account  to  patent,  is : 

1.  The  automatic  reversal  of  the  current,  effected  by  means  of 
a  movable  piece  of  metal. 

2.  The  method  described  of  assuring  the  motion  of  the  tread 
wheel  by  pushing  a  solid  or  spring  stop  between  its  vertical  teeth. 

3.  Obviating  the  possibility  of  the  sticking  of  the  armature  of 
an  electro-magnet  by  the  insertion  of  a  shunt  at  the  moment  of 
arrest. 

4.  The  combination  of  steel  and  electro-magnets,  as  described, 
by  which  the  weakening  of  the  magnetism  of  the  steel  is  obviated 
and  the  motion  of  the  former  assured  with  any  strength  of  current. 

5.  The  construction  of  electro  magnets  with  insulated  iron  wires. 
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THE    OLDEST    RELAY.* 

The  firm  of  Siemens  and  Halske  sent  to  the  competition 
announced  by  the  telegraph  committee  of  the  Prussian  general 
staff  for  the  Ifith  March,  1848,  a  relay  for  tlieir  needle  telegrapbj, 
which  allowed  of  the  antomatic  translation  of  messages  from  one 
circnit  to  a  neighbouring  one.  This  relay  worked  very  well ;  its 
special  construction  appenrs  to  have  been  entirely  foi^^otton  after- 
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wards — even  by  its  inventor,  Werner  Siemens — and  notwith- 
standing all  endeaTonrs  its  construction  has  not  jet  been  authen- 
tically discovered.  The  original  pattern  is  hardly  still  in  existence. 
A  facsimile  belonging  to  the  Berlin  Post-Office  Museum,  exhii)ited 
in  Paris  in  1881,  and  described  by  Prof,  E,  Zetsche  in  his  hand- 
book of  the  electric  telegraph  in  1877  {Vol.  1.,  p.  52i)),  as  well  as 
in  the  "  Electro  technisc  he  Zeitschrift  "  (pp.  3u2and  500),  1881, 
belongs  to  a  later,  pro]>ably  not  exactly  similar  design ;  in  particular 
it  is  questionable  whether  the  apparatus  actually  comprised  as  an 
essential  part  the  fork-shaped  slides  referred  to  in  the  articles 
mentioned.    The  researches  hitherto  made,  and,  indeed,  not  yet 
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concladed,  lead  to  the  sapposition  that  that  relay  already  realized 
the  double-relay  translation  as  diagrammatically  represented  in 
Fig.  12. 

The  two  lines  L^  and  L,,  between  which  there  is  to  be  transla- 
tion, are  connected  to  the  armatures  A^  and  A,  of  the  two  electro- 
magnets M^  and  M,.  So  long  as  no  current'  passes  through 
either  of  them,  these  armatures  are  held  by  springs  on  their  back 
stops  «!  and  a^,  G  G  are  movable  weights  for  regulating.  A 
current  coming  from  L^  passes  through  A^,  and  a^  to  the  con- 
volutions of  the  electro-magnet  M,,  and  then  to  earth.  In  con- 
sequence of  this,  the  armature  A,  is  thrown  against  the  contact 
^  J,  and  in  this  way  a  current  from  the  local  battery  is  sent  through 
5,  and  A  J  into  the  line  L^.  Inversely  every  current  impulse 
coming  from  the  line  L,  calls  forth  one  of  corresponding  duration 
in  L^. 


GERMAN  EXPERIMENTS  ON  THE  INSULATING  PRO- 
PERTIES OF  GUTTA  PERCHA  COVERED  ELECTRIC 
WIRES  BY  MR.  WERNER  SIEMENS.* 

Having  read  a  report  in  the  Times  newspaper  of  some  experi- 
ments which  have  lately  been  made  by  the  South  Eastern  Railway 
Company  at  Folkestone  Harbour,  under  the  direction  of  Mr. 
Walker,  with  the  view  of  determining  the  insulating  power  of  a 
gutta  percha  coating  upon  electric  conducting  wires,  I  feel 
called  upon  to  place  before  the  public  an  account  of  similar  and 
very  conclusive  experiments  which  have  lately  been  tried  on  a 
large  scale  by  the  Prussian  government  under  the  direction  of 
Mr.  Werner  Siemens,  an  ofl&cer  of  the  Prussian  arsenal  ;  and  I 
wish  to  avail  myself  of  your  valuable  assistance  for  that  purpose, 
knowing  how  deeply  you  feel  interested  in  the  progress  of  the 
science  of  electrical  engineering. 

During  the  winter  1846-47,  Mr.  Werner  Siemens  commenced 
his  experiments  upon  the  insulating  property  of  gutta  percha, 

*  Mechanics*  Magazine,  January,  1849. 
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caoiitchono,  and  other  similar  sabstances,  endeavouring  to  give 
the  line  wire  of  his  electric  telegraph  a  coating  which  would 
effectually  insulate  it  from  the  earth  in  which  it  should  be 
interred.  At  that  time  he  obtained  a  patent  in  Prussia  for  his 
electric  telegraph,  which  is  considered  quite  peculiar,  and  differing 
from  any  other,  inasmuch  as  it  constitutes  of  itself  a  complete 
electric  machine,  the  electric  fluid  being  the  sole  motor,  its  own 
regulator,  and  printer,  the  advantages  whereof  are,  that  it  accom- 
modates itself  to  all  irregularities  of  battery  power  (provided  that 
power  does  not  fall  below  a  certain  minimum)  ;  that  it  profits  to 
a  ceitain  extent  by  bad  currents,  is  veiy  easily  managed,  and 
requires  but  one  line  wire. 

In  the  summer  of  1847,  Mr.  Siemens  obtained  permission  to 
try  his  telegraph  upon  an  established  line  between  Berlin  and 
Potsdam  (a  distance  of  about  fifteen  English  miles),  where  it  has 
since  been  permanently  adopted,  in  preference  to  the  needle  tele- 
graph which  had  been  previously  used.  In  order  to  remove  a 
general  prejudice  against  the  introduction  of  electric  telegraphs, 
on  account  of  the  great  expense  incurred  in  suspending,  maintain- 
ing, and  guarding  the  !ine  above  ground,  and  from  fear  of  frequent 
interruption  from  heavy  rains,  tempests,  or  mischief,  Mr.  Siemens 
renewed  with  increased  vigour  his  experiments  on  insulating  wii-es. 
Gutta  percha  appeared  to  him  objectionable  on  account  of  its 
tendency  to  become  a  hydrate,  in  which  state  it  is  an  electric 
conductor ;  he  therefore  tried  a  wire,  four  miles  long,  coated  with 
caoutchouc,  which  was  laid  thirty  inches  below  the  surface  of 
the  earth.  The  insulation,  however,  was  imperfect ;  and  having 
improved  his  method  of  rendering  gutta  percha  free  of  water,  and 
also  of  laying  it  upon  the  wire  (between  grooved  rollers),  he 
returned  to  that  substance,  and  completed  a  length  of  thirteen 
English  miles,  which  was  laid  thirty  inches  below  the  surface 
of  the  earth,  along  the  railway  between  Berlin  and  Grossbeeren. 
The  coating  of  this  line  of  wire  was  imperfect  at  a  few  places, 
which  however,  by  means  of  a  novel  process  of  induction,  were 
soon  discovered  and  soldered  up  ;  it  has  been  in  constant  use  ever 
since  (about  eighteen  months),  and  still  continues  to  give  peifect 
satisfaction. 

In  March,  1848,  an  opportunity  presented  itself  to  subject  the 
gutta  percha  coating  to  a  severe  trial.    The  Provisional  Govern- 
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ment  of  Schleswig  Holstein  called  upon  Mr.  Siemens,  in  con- 
janction  with  Professor  Himly,  to  protect  the  harbour  of  Kiel 
against  hostile  men-of-war. 

The  pressure  of  time  did  nob  permit  of  extensive  preparations. 
Large  bags  were  made  of  gutta  percha,  each  containing  between 
2000  and  SOOOlbs.  (avoirdupois)  of  gunpowder.  They  were 
hermeticaUj  sealed  and  sunk  by  means  of  ballast,  at  various  points 
into  the  deep  water  channe].  Each  of  them  was  provided  with  an 
earth  wire  and  a  conducting  wire,  leading  along  the  bottom  of  the 
sea  to  a  central  station,  where  each  mine  could  be  fired  at  pleasure^ 
in  order  to  destroy  any  hostile  vessel  which  came  within  its  reach. 
Instruments  were  so  placed  as  to  indicate  the  exact  position  of 
each  mine  to  the  guard  on  duty.  These  wires  were  tested  from 
time  to  time,  and  it  was  found  that  they  continued  in  good  con- 
dition for  several  months  ;  but  by  degrees  they  changed  in  appear- 
ance,  and  after  having  been  immersed  in  the  sea  for  six  months, 
the  gutta  percha  was  converted  into  a  complete  hydrate,  and 
altogether  deprived  of  its  insulating  property.  Coated  wires 
which  have  been  Immersed  in  fresh  water  for  the  same  length  of 
time,  have  also  clearly  indicated  some  change,  but  only  in  a  very 
slight  degree.  These  results  caused  Mr.  Siemens  to  try  fresh 
experiments  ;  and  he  finally  succeeded  in  preparing  a  gutta  percha 
composition,  which,  as  far  as  his  experiments  go  to  prove,  has  no 
affinity  for  water. 

So  strong,  indeed,  is  the  faith  of  the  Prussian  Government's 
Electric  Committee  in  the  success  of  this  coating,  that  they  have 
adopted  it  for  all  their  lines  in  couree  of  construction.  Mr.  Siemens 
has  just  completed  a  telegraphic  communication  between  Berlin  and 
Frankfort-on-Maine  (a  distance  of  445  English  miles),  and  another 
line  from  Berlin  to  Cologne  is  completed  as  far  as  Magdeburg, 
In  Hanover,  and  other  states  of  Germany,  the  same  description  of 
tel^raph  has  also  been  adopted. 

This  great  length  of  copper  wire  is  coated  by  means  of  one 
single  machine  which  has  been  constructed  by  Mr.  Siemens  and  a 
Mr.  Halske  conjunctively.  It  consists  of  a  horizontal  cylinder, 
with  a  movable  piston  ;  a  chamber  at  the  end  of  this  cylinder  is 
pierced  with  sixteen  holes,  eight  of  which  are  through  tlie  bottom, 
and  of  the  same  diameter  as  the  wire  itself  ;  the  remaining  eight 
are  through  the  top  side,  exactly  opposite  to  those  in  the  bottom,. 
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and  are  of  the  intended  diameter  of  the  coated  wire.  Eight 
separate  wires  are  pointed  through  the  bottom  holes  ;  the  cylinder 
is  moderately  heated,  and  filled  with  gutta  percha  composition, 
whereupon  the  piston  is  urged  forward,  and,  in  forcing  the  semi- 
fluid substance  through  the  eight  larger  holes,  it  carries  with  it 
the  coated  wires  with  remarkable  velocity,  the  wire  itself  being 
impelled  by  virtue  of  adhesion  to  the  gutta  percha  which  sur- 
rounds it. 

In  going  through  large  rivers,  such  as  the  Elbe,  the  Weser  and 
others,  Mr.  Siemens  has  encased  the  coated  wire  in  iron  pipes,  in 
order  to  protect  it  from  damage. 


ENGLISH  PATENT  REGARDING  ELECTRO-MAGNETS, 
POINTER  AND  PRINTING  TELEGRAPHS,  TRANS- 
LATORS, ALARMS,  KEY  APPARATUS,  AND  AR- 
RANGEMENTS FOR  THE  PRODUCTION  AND 
LAYING  OF  UNDERGROUND  LINES.* 

I.  Electro-magnets. 

In  constructing  electro-magnets  for  telegraphic  purposes  it  has 
been  found  that  when  the  iron  employed  is  of  large  dimensions,  the 
magnet  requires  a  certain  time  to  attain  its  full  power,  and  also 
retains  its  magnetism  for  some  time  after  the  contact  is  broken. 
To  avoid  this  defect  it  is  usual  to  employ  small  masses  of  iron,  and 
the  power  of  the  magnet  is  thus  reduced,  although  its  rapidity  of 
action  is  increased.  I  have  succeeded  in  overcoming  these  defects 
by  employing  lioUow  iron  tubes  cut  open  in  a  longitudinal  direction 
in  place  of  the  solid  iron  commonly  employed.  I  have  found  that 
I  can  thus  employ  comparatively  large  magnets,  and  obtain  great 
power  combined  with  great  rapidity  of  action.  This  appears  to  be 
owing  to  the  longitudinal  separation  effectually  preventing  the 
formation  of  circular  currents  within  the  iron  itself. 

♦  English  Patent,  18062,  of  3rd  April,  1850. 
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Fig.  18. 
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Figure  13  represents  a  side  view  and  horizontal  section  of  a 

horse^shoe  magnet  constracted  in  this  manner.    AA  are  the  two 

branches  or  legs,  each  formed  of  a  divided  iron  tube  ;  these  legs 

are  encased  with  bobbins,  on  which  the  coils  of  wire  are  wound  in 

the  usual  manner.    BB  are  solid  pieces  of  iron  welded  or  otherwise 

fixed  in  the  iron  tubes  AA.    C  is  a  solid  piece  of  iron  connecting 

the  two  legs.    The  poles  of  the  magnet  are  enlarged  by  attaching 

to  them  the  pieces  of  iron  DD.    The  iron  tubes  may  be  divided 

in  two  or  more  places,  or  a  bundle  of  iron  wires  insulated  from 

one  another  may  be  employed  ;   in  either  case  the  ends  are 

connected  to  solid  pieces  of  iron  to  form 

the  poles.    I  sometimes  employ  a  straight 

divided  tube  of  soft  iron  in  place  of  a 

horse-shoe  magnet,  and  make  use  of  the 

attractive  power  of  one  pole  only.    The 

other  pole  is  then  placed  in  contact  with  a 

large  piece  of  soft  iron,  which  serves  as  a 

reservoir  of  the  opposite  and  unemployed 

magnetism.    By  this  means  I  obtain  from 

a  straight  magnet,  the  same  attractive 

force,  or  nearly  so,  as  from  a  horse-shoe 

magnet  with  the  same  quantity  of  wire. 

I  provide  the  poles  of  my  magnets  with 

iron  plates  of  such  dimensions  that  their 

weight  is  equal  to  about   one-third    of 

that  portion  of  the  magnet  which  is  immediately   surrounded 

by  the  coils,  and  I  make  the  attracting  surfaces  of  these  plates 

about  twice,  and  sometimes  even  three  times,  the  area  of  the 

iron  rod  or  tube  which  forms  the  magnet.    These  plates  serve 

as  reservoirs  for  the  magnetism  produced  by  the  current,  and 

thereby  increase  the  effective  power  of  the  magnet.     In  some 

eases  I  employ,  in  place  of  an  electro-magnet,  and  a  soft-iron 

armature,   two  electro-magnets,   of  which  one  is  fixed  and  the 

other  movable.     The  movable  magnet  consists  of  a  straight  piece 

of  iron,  which  is  bent  rectangularly  at  both  ends.    Bound  the 

longer  central  part  is  placed  the  coil  of  wire  which,  however,  is  not 

wound  upon  the  magnet,  but  upon  a  bobbin  within  which  the 

magnet  turns  freely  upon  its  axis  while  the  bobbin  remains 

stationary.    The  two  bent  portions  form  the  poles  of  the  magnet, 
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and  are  placed  in  proximity  to  another  electro-magnet,  or  to  a  aoft 
iron  armature.  When  a  current  of  electricity  is  passed  through 
the  coils,  the  movable  magnet  turns  on  its  axis  to  a  certain  extent, 
■which  is  limited  by  fixed  stops.  When  two  electro-magnets  an? 
arranged  in  this  manner,  I  obtain  the  advantage  of  the  combined 
power  without  the  disadvantage  of  the  great  inertia  which  attends 
movable  electro-magnetB  of  the  ordinary  forms.  In  nsing  these 
double  magnets,  I  either  break  and  restore  the  currents  of  both 
magnets  simultaneously  or  cause  a  constant  coirent  to  pass  throngh 


Fig.  11. 
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the  coils  of  one  magnet,  and  alternately  break  and  restore  the 
cnrrent  in  the  other,  or  I  reverse  alternately  the  direction  of  the 
cnrrent  in  the  last-named  magnet.  The  part  of  the  magnet  witlifii 
the  coil  is  made  hollow  and  cnt  open  in  a  direction  parallel  with 
the  axis,  as  above  described.  Instead  of  the  magnet  being  bent  at 
the  ends,  and  enspended  so  as  to  turn  upon  its  own  axis,  it  may  be 
straight  and  suspeuded  on  a  transverse  axis  as  shewn  in  Figure  14. 
A  is  the  straight  electro-magnet,  which  will  have  a  tendency  to 
place  itself  in  the  axis  of  the  coil  B,  when  that  coil  ia  traversed  by 
an  electric  current ;  C  is  a  horse-shoe  electro-magnet,  covered  with 
coils  D,  and  having  ita  two  poles  in  proximity  to  the  electro- 
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magnet  A.  If  a  cnrrent  be  passed  through  the  coils  D,  the  magnet 
C  will  canse  the  magnet  A  to  deflect  in  one  or  other  direction, 
according  to  the  direction  of  the  cnrrent.  Figure  15  represents 
another  form  of  this  description  of  magnet,  in  which  two  pieces  of 
iron,  A  and  A',  are  included  in  the  coil  B,  and  mounted  upon 
separate  axes,  or  loose  upon  the  same  axis,  so  as  to  move  indepen- 
dently of  one  another.  In  their  position  of  rest  they  are  kept  in 
contact  with  the  stops  P  and  Q  by  means  of  springs,  or  by  gravity 
or  otherwise.  When  currents  of  electricity  are  passed  through  the 
coils,  one  or  other  of  the  electro-magnets  A  A'  is  deflected  against 
the  stop  E  or  S ;  on  reversing  the  current  it  falls  back  to  its 
original  position,  and  the  other  electro-magnet  A'  or  A  is  deflected. 


Fig.  16. 


Fig.  17. 
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This  arrangement  has  the  advantage  of  preventing  vibration,  and 
rendering  the  movements  more  decided. 

Figure  16  represents  an  instrument  in  which  A  is  the  electro- 
magnet, or  two  separate  electro-magnets,  as  in  Figure  15,  turning 
on  a  transverse  axis  in  the  coil  B,  which  is  continually  traversed 
by  an  electric  current,  thereby  not  only  rendering  A  magnetic,  but 
giving  it  a  tendency  to  place  itself  centrically  in  the  axis  of  the 
coil  B.  Thi«  coil  is  surrounded  by  a  coil  D,  like  the  ordinary 
galvanometer  coil,  which  deflects  the  electro-magnet  or  the  electro- 
magnets A  in  one  direction,  or  in  the  other  according  to  the 
direction  of  the  current  passing  through  the  coil  D.  The  motions 
thus  produced  may  be  applied  to  giving  signals  by  moving  an 
index  or  dial,  or  for  moving  detents  and  ringing  alarms,  or  for 
making  contacts  for  local  batteries,  and  generally  for  telegraphic 
purposes. 

Figure  17  represents  an  instrument  in  which  an  iron  needle  A  is 
surrounded  by  coils  of  wire  B  in  the  manner  of  a  galvanometer  ; 
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0  is  a  steel  magnet,  or  an  electro-magnet,  the  proximity  of  which 
renders  A  magnetic  by  induction,  and  this  causes  it  to  deflect  like 
the  needle  of  an  ordinary  galvanometer  when  an  electric  current 
is  passed  through  the  coils  D.  This  instrument  is  not  new,  and  I 
lay  no  claim  to  the  employment  of  it  except  when  in  combination 
with  another  similar  or  different  instrument  so  arranged  that  the 
action  of  the  first  makes  or  breaks  the  contact  of  the  second,  and 
the  action  of  the  second  reciprocally  makes  or  breaks  the  contact 
of  the  first,  as  hereinafter  described. 

Although  I  have  spoken  of  using  iron  in  the  construction  of  the 
magnets,  it  is  evident  that  other  metals  capable  of  receiving 
magnetism,  such  as  nickel,  may  be  employed,  but  I  consider  iron 
to  be  the  most  advantageous. 


II.  Electbo-dynahic  Abbakgehents. 

In  place  of  employing  electro-magnets  I  sometimes  employ 
«piralB  of  iron  wire  or  strip,  the  coils  of  which  are  separated  by 
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intervening  layers  of  non-conducting  material,  and  I  pass  the 
electric  current  through  the  spiral  wire  or  strip.  Figure  18  shows  an 
arrangement  of  this  sort.  A  is  a  spiral  of  iron  wire  covered  with  silk 
and  traversed  by  an  electric  current.  This  spiral  is  suspended  on 
an  axis  S  parallel  to  the  plane  of  the  spiral.  B  C  are  two  fixed  spirals 
arranged  so  as  to  be  traversed  in  opposite  directions  by  the  electric 
current.  The  movable  spiral  will  be  attracted  to  one  side  or  the 
other  according  to  the  direction  of  the  current  which  passes 
through  it.    The  motion  thus  obtained  may  be  applied  for  tele- 
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graphic  pnrpoBes  generally.  The  last  described  arrangements  of 
spiral  wires  may  also  be  constracted  of  copper  or  other  non-magnetic 
metal,  bnt  will  not  be  so  powerftQ  as  if  made  of  iron.  When  made 
of  non-magnetic  metal  they  have,  however,  the  advantage  of  ac- 
qniring  and  losing  their  power  instantaneously  when  the  current 
is  established  or  broken.  These  spirals  may  be  appropriately 
designated  as  electro-dynamic  arrangements.  These  electro- 
dynamic  arrangements  may  be  varied  in  form,  provided  the  electro- 
dynamic  principle  be  retained  of  causing  one  wire  conducting  an 
electric  current  to  produce  motion  in  another  wire  also  conducting 
an  electric  current.  Thus,  if  a  movable  wire  be  suspended  above 
a  fixed  wire  and  at  right  angles  to  it,  and  an  electric  current  be 
then  passed  through  both  wires,  the  movable  one  will  endeavour  to 
place  itself  parallel  to  the  fixed  wire,  and  in  doing  so  will  turn 
to  the  right  or  to  the  left,  according  to  the  direction  of  the  current. 
Figure  19  represents  an  electro-dynamic  spiral  A  suspended 
between  the  similar  poles  of  two  steel  magnets  N  S,  N'  S'.  A  current 
being  passed  through  the  spiral  A  will  cause  it  to  move  towards 
one  magnet,  and  on  reversing  the  current  it  will  move  towards  the 
other  magnet.  When  the  current  ceases  the  spiral  will  be  brought 
to  the  central  position  of  rest  by  the  action  of  gravity,  or  by  a 
spring  or  otherwise.  In  this  figure  is  shown  the  method  of  pro- 
ducing the  electric  current  by  induction  from  the  same  magnets 
which  are  employed  to  act  upon  the  electro-dynamical  spiral. 
G  C  are  two  bobbins  covered  with  coils  of  wire  and  connected 
together  by  the  handle  D.  The  coils  of  wire  and  the  spiral  A  are 
2S1  included  in  the  current  of  the  line  wire.  By  suddenly  moving 
the  handle  D  to  the  right  or  to  the  left  an  electric  current  is  pro- 
duced in  the  coils,  and  passing  through  the  spiral  A  and  along  the 
line  wire,  and  through  a  similar  apparatus  at  the  distant  terminus 
and  at  each  intermediate  station,  it  produces  similar  motion  in  the 
spirals  at  all  the  stations.  Electricity  thus  obtained  by  the  motion 
of  a  coil  over  a  magnet  may  be  applied  for  deflecting  needles  or 
magnets,  for  working  electro-magnets,  step-by-step  motions,  and 
printing  apparatus,  for  releasing  detents  and  ringing  alarms,  and 
for  tel^raphic  purposes  generally.  The  form  and  arrangement  of 
the  apparatus  may  be  varied  by  employing  curved  or  horse-shoe 
magnets,  or  by  fixing  the  coils  and  making  the  magnet  movable 
within  them,  and  in  various  other  ways. 

D  2 
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III.  CoNDUCTiNa  Contact  Pieces. 

In  diflferent  descriptions  of  telegraphic  apparatus  great  incon- 
venience has  been  experienced  in  consequence  of  the  destraction  of 
the  metallic  points  of  contact  when  the  galvanic  current  is 
alternately  broken  and  restored,  which  circumstance  has  rendered 
the  use  of  transmitting  instruments  in  particular  very  precarious. 
The  metal  often  used  in  making  these  points  or  surfaces  of  contacD 
is  platinum,  which,  through  the  agency  of  the  electric  spark,  is. 
gradually  removed  from  one  point  or  surface  and  settles  on  the 
opposite  surface  in  the  form  of  a  spongy  substance  with  imperfect 
conducting  power  of  electricity.  Gold  and  silver  give  a  still  more 
unfavourable  result,  and  more  oxidizable  metals  are  burnt  awav. 
I  remove  this  difficulty  by  using  hard  alloys  of  the  non-oxidizablo 
or  precious  metals,  in  particular  of  platinum,  or  iridium  or  palla- 
dium, with  gold  or  silver  and  of  other  combinations  between  those 
metals ;  an  excellent  alloy  is  made  of  one  part  of  gold  with  one 
part  of  platinum  or  palladium  or  iridium.  Surfaces  of  contact 
which  are  made  of  these  metallic  alloys  preserve  their  original  form 
and  metallic  nature  for  a  great  length  of  time. 


IV.  Automatic  Indicating  Instrument  and  Alarm. 

Figures  20a,20b  represent  an  instrument  which  conveys  signals 
by  means  of  an  index  pointing  to  letters  or  symbols,  and  worked  by 
a  step-by-step  motion.  A  is  a  ratchet  wheel,  which  carries  the 
index  B  and  also  an  arm  M  :  a  is  a  pawl  or  click  which  prevents 
the  ratchet  wheel  from  turning  backwards  ;  h  is  another  click, 
attached  to  the  lever  C,  which  is  fixed  to  the  iron  armature  P  of 
the  electro-magnet  F ;  6  and  H  are  the  two  poles  of  a  magnet,  which 
in  attracting  the  armature  P,  cause  it  to  turn  on  its  axis  c  and  thus 
to  give  motion  to  the  lever  C  ;  an  arm  d  is  fixed  to  the  armature, 
and  a  spring  J  is  connected  at  one  end  to  this  arm,  and  at  the 
other  end  to  a  sliding  stop  <?,  which  is  capable  of  being  adjusted  by 
means  of  the  screw/  and  graduated  scale  g.  Each  time  that  an 
electric  current  is  passed  round  the  electro-magnet  the  armature 
will  be  attracted,  and  the  click  1)  will  move  forward  over  one  tooth 
of  the  ratchet  wheel.    When  the  circuit  is  broken  and  the  current 
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ceases*  the  spring  J  will  draw  back  the  Iftver  C  and  click  ft,  thus 
causing  the  index  to  move  one  division.     The  ratchet  wheel  A 
carries  a  second  set  of  vertical  pins  or  teeth  into  which  the  catcli 
h  locks.    This  catch  is  fixed  to  the  lever  0,  and  serves  to  prevent 
the  ratchet  wheel  from  overrunning.    When  the  lever  0  moves 
forward,  the  catch  h  unlocks  the  wheel,  and  as  the  lever  returns  it 
locks  the  next  tooth.    There  is,  however,  a  possibility  of  the  wheel 
being  flung  round  by  the  elasticity  of  the  lever,  before  the  catch  h 
has  time  to  enter.    This  is  prevented  by  the  small  screw  or  stud  t, 
which  confines  the  tooth  and  prevents  the  wheel  from  overrunning. 
N  is  a  lever,  on  which  is  fixed  a  cross  plate  ^,  turned  up  at  each 
-end,  which  may  be  called  the  fork.    This  lever  is  moved  backwards 
and  forwards  by  being  struck  by  two  studs  of  agate  or  other  non- 
conducting substance  on  the  lever  C,  and  its  motion  is  confined 
and  limited  by  the  non-conducting  stud  /  and  the  metallic  point 
OT,  both  of  which  are  capable  of  being  adjusted  and  fixed  by  the 
screws  T,  m\  and  the  set  screws  ?•,  tw".    A  slight  spring  n  is 
attached  to  the  lever  N,  and  is  confined  to  a  very  small  amount  of 
motion  by  a  small  projection  or  hook  w',  attached  to  the  piece  Jc  ; 
this  prevents  the  contact  being  broken  by  any  slight  rebound  of 
the  lever.    The  end  of  the  lever  N  is  thin  and  elastic,  and  carries  an 
•obtuse-pointed  steel  pin,  o,  which  rests  upon  a  prism  or  angular 
piece  of  agate,/?.    By  this  arrangement  the  lever  N  is  retained  in 
its  position,  whether  it  is  in  contact  with  the  stud  I  or  the  point 
m.    If  one  pole  of  a  galvanic  battery  be  now  connected  to  the 
bearing  N',  which  supports  the  lever  N,  and  the  wire  from  the  other 
pole  be  connected  to  the  coils  of  the  electro-magnet  and  then 
attached  to  the  support  of  the  point  m,  the  consequence  will  be 
that  the  armature  P  will  be  attracted,  and  the  lever  C  will  move 
forward  until  it  strikes  the  piece  ky  and  thus  moves  the  lever  N 
forward,  and  by  that  means  breaks  the  contact  at  the  point  m. 
The  contact  being  thus    broken,  the  electro-magnet  loses  its 
magnetism,  and  the  lever  C  is  drawn  back  by  the  spring  J,  and  the 
ratchet  wheel  advances  one  tooth.    The  contact  is  now  restored 
by  the  lever  C  striking  the  fork  h  and  shifting  the  lever  N,  when 
the  armature   is  again  attracted  and  the  various  motions  are 
repeated. 

The  ratchet  wheel  is  thus  caused  to  revolve  with  rapidity,  the 
index  pointing  to  all  the  letters  in  succession  as  long  as  the  con- 
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nection  with  the  battery  is  mamtained.  If  the  wire  from  the 
point  m^  instead  of  being  connected  at  once  to  the  battery,  is 
carried  along  as  a  line  wire  through  a  similar  instrument  at  a  dis- 

Fig.  20  a. 


tant  station  and  thence  into  the  earth,  and  a  wire  is  connected 
from  the  earth  to  the  pole  of  the  battery,  the  consequence  will  be 
that  both  instruments  will  work  in  unison,  and  the  index  at  the 
distant  station  will  point  to  the  same  letter  simultaneously  with 
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the  first  ioBtrament.  A  set  of  keys  are  arranged  round  a  dial,  a 
portion  of  which  ia  shown  in  Fig.  SOa.  Below  each  key  a  pin,  0,  is 
placed  which  can  be  pressed  down  by  the  key  and  thns  ohstract 
the  arm  M.  The  pins  0  are  so  placed  that  the  motion  of  the  arm 
M  is  arrested  just  aa  the  leverC  is  on  the  point  of  commencing  its 
backward  movement.  By  this  means  the  remaking  of  the  contact 
m  is  prevented,  and  therefore  the  index  and  ratchet  wheel  stop, 
and  the  signal  ia  given  by  the  stopping  of  the  index  opposite  the 

Fig.  SOD. 


lever  or  symbol.  On  releasing  the  key,  the  pin  risee  and  the  lever  C 
falla  hack  and  restores  the  contact,  and  the  motion  of  the  ratchet 
wheel  is  resomed.  If,  owing  to  loss  of  electricity  in  the  hne 
wire,  or  any  other  cause,  one  of  the  instmmenta  be  traveraed  by 
a  cnrrent  of  greater  power  than  the  other,  still  this  does  not 
prevent  the  proper  action  of  the  instrnmentx,  as  it  is  evident 
tiiat  neither  of  the  electro-m^neta  can  be  bronght  into  action 
ontil  the  contact  has  been  restored  in  both  instruments,  so  that 
the  quicker  acting  instrument  has  always  to  wait  for  the  slower  one 
before  another  atroke  can  commence.  If  one  instrument  ia  acted 
on  by  s  veijmnch  more  powerful  cnrrent  than  the  other  the  sprlnga 
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Fig.  21. 


Tr^ 


should  be  adjusted  so  as  to  reduce  the  resistance  to  the  motion  of 
the  instrument  worked  bj  the  weaker  current.  It  is  evident  that 
similar  instruments  may  be  placed  at  the  intermediate  stations 
and  travei*sed  by  the  same  currents.* 

Alarm  or  iell-apparatus, — In  Fig.  20b,  Q,  Q',  are  the  two  poles 

of  an  electro-magnet ;  and  R  is  the  armature, 
turning  on  the  centres  r,  and  carrying  the 
lever  S,  and  the  long  arm  T  at  the  end  of 
which  is  the  hammer  T',  for  striking  the  bell  U. 
The  arm  T  is  pulled  back  by  the  spring  V, 
which  is  adjusted  by  the  screws.  The  lever  S 
carries  two  small  studs  of  ivory,  or  other  non- 
conducting material,  which,  striking  against 
the  sides  of  the  fork  W,  rotates  it  on  its  axis, 
bringing  it  alternately  into  contact  with  the 
metallic  point  X,  or  with  the  non-conducting 
stud  Y.  The  electric  current  is  completed 
through  the  point  X  and  the  fork  W,  and  a 
small  spring,  w,  similar  to  that  marked  n.  The 
fork  W  turns  on  the  pin  t,  and  is  provided  with 
a  small  screw,  Sy  which  presses  upon  a  little 
spring,  V.  The  spring  produces  suflScient  fric- 
tion to  retain  the  fork  W  in  the  position  into 
which  it  is  thrown  when  struck  by  the  lever  S, 
but  not  sufficient  to  prevent  its  motion  when  so 
struck.  "When  a  current  of  electricity  passes  round  the  electro- 
magnet  Q,  Q',  the  armature  E  is  attracted,  and  the  hammer 
strikes  a  blow  upon  the  bell  U.    At  the  same  time  the  fork  W  is 

*  "When  several  dial  iustruments  are  inserted  in  one  line,  the  interruption 
of  the  current  in  the  apparatus,  \rhich  first  completes  the  attraction  of  its 
armature,  effects  at  the  same  time  the  stoppage  of  the  current  in  the  wliole  line, 
so  that  in  the  rest  of  the  instruments  no  real  self-interruption  takes  place. 

The  following  device,  patented  in  Prussia  on  Febniary  7,  1862,  was  therefore 
adopted,  which  has  been  added  to  Fig.  20  to  save  repetition. 

The  oscillating  lever  c  was  fitted  near  its  pivot  with  a  spring  y,  by  touch- 
ing which  the  contact  screw  on  the  piece  of  metal  z,  after  the  completion  of 
or  already  during  the  oscillation,  connected  the  line  wire  direct  to  earth  (or, 
in  intermediate  instruments,  to  the  outgoing  line).  This  contact  lasted  during 
half  the  period  of  the  back  movement  of  the  armature,  and  thus  gave  the 
other  instruments  connected  to  the  line  sufficient  time  to  complete  the  attrac- 
tion 01  Their  armatures,  and  to  interrupt  the  current  themselves.  By  this 
device  simultaneous  action  of  all  the  apparatus  was  assured,  even  if  some  of 
them  were  less  acturately  adjusted  than  the  rest. 
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thrown  against  the  stud  T  and  the  contact  is  broken  at  the  point  X. 
The  armature  is  thus  drawn  back  by  the  spring  V  and  the  fork  "VV 
is  thrown  against  the  point  X. 

Circuit  (Fig.  21). — Z  is  a  lever  turning  upon  the  centre  z,  and 
capable  of  being  moved  by  hand,  so  as  to  place  it  in  contact  either 
with  the  metallic  spring  T  or  the  opposite  one,  R.    The  lever  Z  is 
in.  connection  with  the  binding  screw  E,  which  is  placed  in  com- 
munication with  the  earth.    The  spring  R  is  connected  to  a  wire 
which    connects  it  with   the  coils  of  the   alarum  magnet,  W, 
whence  a  connection  is  made  to  the  line  wire  by  the  binding  screw 
L.    The  spring  T  is  placed  in  connection  with  the  zinc  pole  of  a 
galvanic  battery,  and  the  copper  pole  of  the  same  battery  is  con- 
nected to  the  screw  C^,  from  which  a  connection  is  made  to  the  coils 
of  the  electro-magnet  Z  g,  and  thence  to  the  line  wire  through  the 
binding  screw,  L.     The  line  wire  passes  along  to  the  first  interme- 
diate station,  where  it  is  connected  to  the  screw  E  of  the  instru- 
ment at  that  station.    A  wire  from  the  screw  L  of  that  station 
then  passes  along  to  the  next  intermediate  station,  and  so  on  until 
it  arrives  at  the  distant  terminus,  where  it  is  connected  to  the 
screw  E  of  the  instrument  at  that  terminus,  while  the  screw  L  at 
that  terminus  is  connected  to  the  earth.    At  each  station  a  battery 
is  connected  to  the  screws  Z'  and  C,  so  that  its  zinc  pole  may  be  in 
connection  with  the  screw  Z'  and  its  copper  pole  with  the  screw  C. 
The  levers  Z  of  all  the  instruments  being  moved  towards  the  spring 
li,  all  the  instruments  will  be  in  repose,  and  all  the  alarums  will 
he  included  in  the  circuit,  while  the  indicating  instruments  and 
batteries  are  excluded.    If  now  the  lever  Z  of  one  of  the  instru- 
ments is  moved  over  towards  T,  the  effect  will  be  to  introduce  into 
the  circuit  the  battery  and  the  indicating  instrument  at  that 
station,  which  may  be  called  the  active  station,  while  the  alarum 
at  that  station  is  excluded,  the  other  alarums  remaining  in  the 
circuit.     The  current  now  passes  along  the  line,  and  produces 
magnetism  in  the  electro-magnet  of  the  indicating  instrument  at 
the  active  station  and  in  the  alarum  magnets  at  all  the  other  or 
l^assive  stations.     The  consequence  is  that  the  hammer  stiikes  the 
l)ells  in  all  the  passive  stations,  and  the  indicating  instrument  at 
the  active  station  would  also  be  set  in  motion  were  it  not  pre- 
vented by  the  following  contrivance.    The  springs  of  the  alarum 
armatures  are  adjusted  to  be  much  weaker  than  those  of  the  indi- 
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eating  insfcrament,  and  the  conseqaence  is  that  the  alamm  anna- 
tare  is  attracted,  makes  a  stroke,  and  breaks  the  contact  before  the 
armatnre  of  ilie  indicating  instmment  has  overcome  the  resistance- 
of  the  spring.  The  alarums  are  thus  rung  without  the  index  of 
the  indicating  instrument  being  set  in  motion. 

The  attention  of  the  attendants  at  the  passive  stations  being 
thus  called,  they  move  their  levers  Z  towards  the  letter  T.  Aa 
soon  as  the  last  lever  Z  has  been  placed  in  that  position  and  the 
last  alarum  thus  excluded,  the  current  will  acquire  sufficient 
duration  to  cause  the  attraction  of  the  armatures  of  the  indicating- 
instruments,  which  will  then  all  start  off  together,  and  the  signals- 
may  then  be  given  by  depressing  the  keys,  as  already  described. 

If  it  be  wished  to  exclude  any  station  from  the  circuit  for  & 
time,  it  is  done  by  connecting  the  screws  E  and  L,  either  by  a  wire 
or  by  a  finger-key  or  button,  as  is  well  understood.  In  this  case- 
care  should  be  taken  that  the  index  is  brought  to  its  proper  posi- 
tion of  repose  before  the  instrument  is  reintroduced  into  the  circuity 
otherwise  on  recommencing  a  new  signal  its  indications  would  not 
correspond  with  those  of  the  other  instruments.  3  is  a  small 
button  acting  on  the  bent  lever  4,  by  means  of  which  the  instru- 
ment can  be  worked  by  hand,  so  as  to  bring  the  index  into  any^ 
required  position. 

V.  Printing  Telegraph. 

Fig.  22  represents  a  plan,  and  Fig.  23  a  section,  of  a  printing- 
telegraph,  working  by  a  step-by-step  motion.  A  A*  are  the  poles  of 
an  electro-magnet  A' ;  B  is  the  armature,  turning  on  the  centre  h^ 
and  carrying  the  long  lever  C,  which  carries  a  click  c  and  locking 
piece  d,  similar  to  those  in  the  indicating  instrument  already- 
described.  D  is  the  ratchet  wheel ;  and  e  is  a  click,  kept  up  by 
the  spring  F.  The  ratchet  wheel  D  cames  a  type  wheel  I,  which 
consists  of  a  number  of  thin  springs,  each  carrying  a  type  at  it» 
extremity,  except  one  or  more  which  are  left  blank.  These  types, 
and  blanks  correspond  with  the  letters  or  signs  and  blanks  on  the- 
dial  of  the  indicating  instrument  already  described ;  and  it  will 
be  readily  understood  that  if  both  instruments  are  included  in  the^ 
same  circuit  they  will  move  together,  and  the  dial  of  the  printing^ 
instrument  will  simultaneously  present  similar  letters  or  signals  to 
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those  pointed  to  by  the  needle  of  the  indicating  instrument.  For 
this  purpose  the  printing  instrument  is  provided  with  a  lever  E, 
and  a  fork  g^  spring  A,  and  contact  point  F.  The  motion  of  the 
lever  C  breaks  and  makes  contact  with  the  point  F,  as  in  the 
indicating  instrument.    The  printing  instrument,  however,    is 

Fig.  22. 


provided  with  an  additional  bent  lever,  G,  which  is  capable  of 
forming  contact  with  the  metallic  point  H  on  one  side,  and  is 
provided  with  an  insulating  stud  on  the  other  side,  where  it  is 
struck  by  the  fork  g.  The  long  lever  C  also  carries  a  metallic 
point,  i,  which  is  in  contact  with  the  fork^,  when  the  instrument  is 
in  repose.  A  wire  from  one  pole  of  the  battery — for  example,  from 
the  copper  pole— is  connected  to  the  metallic  point  F,  from  which 
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the  electricity  passes  into  the  lever  E,  and  thence  round  the  coils 
of  the  electro-magnet  A®,  and  then  passes  through  the  indicating 
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instrument  above  described,  and  along  the  line  to  the  instrument 
at  the  distant  station.  Another  wire  passes  from  the  zinc  pole 
of  the  battery  into  the  earth.    This  is  all  that  is  required  to 


WERNER    VON  SIEMENS.  45 

move  the  type  wheel  I ;  but  as  it  is  necessary  to  strike  the  type  to 
prodace  an  impression  on  the  paper,  the  following  parts  are 
added  for  that  purpose  :  E  is  an  electro-magnet,  and  L  is  its 
armature.  This  magnet  is  made  of  solid  iron,  and  its  armature  is 
much  heavier  than  that  which  works  the  type  wheel.  M  is  a  lever 
or  hammer  fixed  to  the  armature,  and  adjusted  so  that  it  may 
strike  the  back  of  the  type  spring  when  the  armature  is  attracted 
by  the  magnet ;  m  is  a  spring  attached  to  a  lever  N  on  the  axis  n 
of  the  armature,  for  the  purpose  of  drawing  it  away  from  the 
magnet.  A  conducting  connection  is  made  between  the  axis  of  the 
lever  C  and  the  metallic  point  H,  and  also  from  the  bell-crank  lever 
G  round  the  coils  of  the  hammer  magnet,  and  thence  to  the  zinc 
end  of  the  battery ;  but  it  will  be  found  advantageous  not  to 
connect  this  wire  to  the  extreme  end  of  the  battery,  but  to  some 
intermediate  point,  so  that  only  a  portion  of  the  battery  may  be 
included  in  this  circuit.  The  lever  E  is  provided  with  a  steel 
point  and  agate  prism,  for  the  purpose  of  maintaining  its  position. 
The  bell-crank  lever  G  is  also  provided  with  a  similar  steel  point 
and  agate  prism. 

The  action  of  the  apparatus  is  as  follows  : — ^The  indicating  and 
printing  instruments  being  both  included  in  the  circuit,  the 
current  parses  from  the  copper  pole  of  the  battery  through  the 
point  F  and  fork  g  to  the  coils  of  the  magnet  A",  and  thence 
through  the  coils  of  the  magnet  which  works  the  lever  of  the 
indicating  instrument  along  the  line  wire,  and  through  similar 
instruments  and  a  battery  at  the  distant  terminus,  and  then  into 
the  earth,  returning  to  the  wire  which  leads  from  the  earth  to  the 
zinc  pole  of  the  first  battery.  The  consequence  will  be  that  all 
the  armatures  which  work  the  ratchets  will  be  attracted,  and  will 
move  their  respective  levers  and  clicks  forward  so  as  to  take  hold 
of  the  next  tooth  in  their  respective  ratchet  wheels  ;  at  the  same 
time  the  ratchet  levers  will  strike  the  forks  and  break  the  contact^ 
when  they  will  be  drawn  back  by  their  respective  springs,  and 
neither  can  advance  again  until  all  have  returned  ;  when  the  forks 
will  be  again  thrown  into  contact  with  the  metallic  points,  and  the 
circuit  being  thus  completed,  all  the  armatures  will  be  again 
attracted  and  make  a  fresh  stroke,  and  the  needles  and  type 
wheels  will  thus  all  march  in  unison,  and  with  great  rapidity. 
If  now  one  of  the  keys  in  either  of  the  indicating  instruments  be 
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depressed,  the  needle  will  stop  on  arriying  at  the  corresponding 
letter,  and  the  circuit  being  thus  broken,  all  the  other  armatares 
will  fall  back  and  remain  stationary.    The  current  will  now  pass 
round  the  coils  of  the  hammer  magnet  and  will  cause  its  armature  to 
be  attracted,  and  a  blow  struck  on  the  type  which  is  then  opposite 
the  hammer.  As  the  hammer  strikes  the  blow  it  also  strikes  the  bent 
lever  0,  which  moves  the  lever  G,  and  thus  breaks  the  contact  at  H ; 
the  hammer  magnet  immediately  loses  its  magnetism,  and  the 
hammer  falls  bacL     If  the  key  which  has  been  depressed  is  now 
liberated  the  ratchet  lever  of  that  instrument  will  &11  back,  and  the 
<x)ntact  being  thus  renewed  all  the  instruments  will  start  off  again 
and  continue  their  simultaneous  movements  until  again  stopped  in  a 
similar  manner.    The  first  stroke  of  the  ratchet  lever  C  restores  the 
contact  between  the  bent  Lever  G  and  point  H.    It  will  be  seen 
that  every  time  the  ratchet  lever  0  falls  back  it  remakes  the  circuit 
of  the  hammer  magnet,  but  as  the  ratchet  lever  immediately  starts 
off  again  and  breaks  this  contact  at  »,  there  is  not  time  for  the 
comparatively  heavy  and  sluggish  hammer  magnet  and  armature 
to  come  into  action.    When,  however,  the  current  round  the 
magnet  becomes  continuoas  by  the  breaking  of  the  line  circuit  in 
the  indicating  instrument  the  hammer  magnet  has  time  to  acquire 
sufficient  power  to  attract  its  armature  and  to  strike  the  blow. 

The  printing  is  effected  by  means  of  the  cylinder  Q  (Figs.  24 
and  25),  made  of  a  number  of  discs  of  paper  placed  on  a  spindle,  q, 
imd  strongly  compressed  by  a  powerful  press,  and  confined  by  a 
metallic  disc  or  flange,  r,  at  each  end.  The  cylinder  thus  formed  is 
turned  in  a  lathe,  and  is  covered  with  an  ink  formed  of  oil  and 
lamp  black.  A  strip  of  paper  is  passed  under  the  ink  cylinder, 
^nd  guided  by  two  small  rollers,  B  B.  The  ink  is  of  a  sufficiently 
dry  nature  not  to  black  the  paper  by  the  mere  contact,  but  when 
the  paper  is  forcibly  driven  against  the  cylinder  by  the  blow  of 
the  hammer  under  the  type  the  letter  is  printed  on  the  side  of 
the  paper  in  contact  with  the  ink  cylinder.  A  ratchet  wheel  S 
(Fig.  23)  is  placed  on  the  spindle  ^,  and  is  worked  by  a  click  T  on 
the  lever  iy  which  is  moved  by  means  of  a  connecting  rod,  % 
jointed  to  a  lever  on  the  axis  n  of  the  hammer  armature.  U  is  a 
toothed  wheel,  which  is  locked  by  the  pallet  Y  on  the  lever  i.  It 
will  thus  be  seen  that  the  ink  cylinder  is  advanced  one  tooth  each 
time  that  the  hammer  returns  after  striking  a  blow.    The  paper  is 
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advanoed  the  width  of  one  letter^  bo  as  to  present  a  fresh 
portion  of  paper  and  of  ink  cylinder  for  the  next  impression. 


Figa.  24,  25. 
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Two  bhmk  spaces  are  left  in  the  indicating  dial,  and  two  cor- 
Tesponding  blanks  on  the  type  wheel.  When  the  blow  of  the 
hammer  is  strack  on  one  of  these  blanks  it  finds  no  resistance 
from  the  type,  and  therefore  rises  rather  higher  than  when  striking 
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a  type.  The  consequence  is  that  the  lever  W,  which  is  fixed  to 
the  armature,  strikes  against  the  screw  v  in  the  arm  of  the  bent 
lever  w  (Fig.  25),  and  by  raising  its  horizontal  arm  w'  throws  ita 
vertical  arm  against  the  bell  X.  The  operator  in  spelling  the 
words  of  the  signal  brings  up  the  blank  after  each  word,  and  the 
stroke  of  the  bell  at  once  tells  him  that  the  instruments  are 
working  correctly.  If  by  any  accident  the  indicating  and  print- 
ing instruments  should  not  correspond  in  their  indications,  the 
error  is  immediately  detected  by  the  bell  remaining  silent  when 
the  blank  keys  are  depressed. 

The  ink  cylinder  Q  (Figs.  24  and  25)  is  capable  of  sliding 
endways  on  its  shaft  g,  which  is  made  hollow,  and  has  a  slot  q^  cut 
in  it.  Inside  this  shaft  is  a  long  fine-threaded  screw,  q^,  which  ia 
fixed  to  the  support  Y.  On  this  screw  is  a  nnt  x,  which  is  con- 
nected to  the  ink  cylinder  by  a  feather  passing  through  the  slot  c[. 
By  this  means  the  ink  cylinder  Q  gradually  travels  along  the  shaft 
<7,  so  that  every  part  of  it  is  brought  into  use.  When  after  continued 
use  the  impression  becomes  faint,  the  roller  may  be  again  charged 
with  ink  by  dabbing  it  with  a  leather  ball  covered  with  ink. 

This  arrangement  of  printing  apparatus  preserv^es  the  types 
clean,  as  they  never  come  in  contact  with  the  ink.  Similar  writ- 
ing apparatus  may  be  placed  at  the  intermediate  stations. 

Instead  of  including  in  the  same  circuit  the  indicating  and 
writing  apparatus  at  both  stations,  it  is  advantageous  where  there 
are  two  lines  to  connect  the  indicating  apparatus  at  each  end  with 
the  printing  apparatus  at  the  opposite  end,  as  by  this  means  two 
distinct  signals  may  be  passing  in  opposite  directions  at  the  same 
time.  When  there  is  only  one  line  wire,  signals  may  be  sent  from 
an  intermediate  station  in  one  direction  while  signals  are  received 
at  the  same  station  from  the  opposite  direction. 

In  some  cases  it  may  be  advantageous  to  employ  a  printing 
apparatus  by  itself,  so  as  to  avoid  the  expense  of  two  apparatus. 
In  this  case  I  construct  the  printing  apparatus  with  a  set  of  keys, 
which  serve  to  stop  an  arm  attached  to  the  spindle  of  the  ratchet 
wheel,  in  the  same  manner  as  above  described  with  regard  to  the 
indicating  apparatus.  The  stoppage  of  this  arm  will  have  the 
effect  of  breaking  the  circuit,  and  causing  the  letter  to  be  printed 
at  the  distant  terminus,  and  at  all  the  intermediate  stations  which 
may  be  included  in  the  circuit.    The  instrument  may  be  rendered 
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more  convenient  for  use  by  arranging  the  keys  in  a  semicircle 
instead  of  a  circle.  The  ratchet  spindle  is  then  provided  with  two 
arms  placed  opposite  to  each  other  ;  one  of  these  arms  is  shorter 
than  the  other,  and  is  placed  a  little  lower  or  higher  on  the  spindle, 
and  half  the  keys  are  made  to  act  on  the  one  arm  and  half  on  the 
other.  The  keys  may  be  conveniently  made  like  the  black  and 
white  keys  of  a  pianoforte,  every  alternate  key  being  shorter  and 
higher  than  the  others.  The  long  white  keys  may  then  serve  ^for 
the  first  half  of  the  alphabet,  and  the  short  black  keys  for  the  last 
lialf  of  the  alphabet.  The  dials,  type  wheels,  and  keys  of  the 
printing  and  indicating  instruments,  above  described,  may  repre- 
sent numbers  or  symbols  instead  of  letters,  or  a  conventional  code 
of  signals  may  be  employed,  as  is  well  understood. 

VI.  Tbanslating  Apparatus. 

When  the  line  wire  is  very  long,  or  otherwise  presents  great 
resistance,  I  find  it  advantageous  to  work  the  above  described 
apparatus  by  a  local  or  auxiliary  battery,  and  to  employ  the 
current  which  traverses  the  line  wire  to  work  a  translating 
apparatus,  which  makes  and  breaks  the  contact  of  the  local 
battery.  The  motion  of  the  lever  of  the  step-by-step  motion 
breaks  and  makes  the  contact  of  the  translating  apparatus.  By 
this  reciprocal  making  and  breaking  of  contact  the  apparatus  is 
enabled  to  work  with  great  rapidity,  although  the  current  in  the 
line  wire  may  be  very  weak.  I  apply  this  arrangement  to  the 
printing  apparatus  above  described,  and  also  to  the  indicating 
apparatus  above  described,  and  to  both  these  apparatus  in  com* 
binatioQ  ;  I  also  apply  it  to  the  alarum,  ^whether  such  alarum  be 
altogether  separate  or  combined  with  the  indicating  or  printing 
apparatus,  or  with  both  those  apparatus. 

The  translating  apparatus  may  be  made  in  a  great  variety  of 
ways.  Fig.  2G  shows  one  form  of  it.  5  and  6  are  the  poles  of  an 
electro-magnet,  the  legs  of  which  are  below  the  top  of  the  box  ; 
8  is  the  armature  turning  upon  the  centre  9,  and  kept  in  contact 
with  the  stop  10  by  the  spring  11,  which  is  adjusted  by  the 
screw  12.  The  armature  carries  a  small  contact  piece  of  metal, 
13,  which  is  brought  against  the  metallic  point  14  when  the 
armature  is  attracted  by  the  electro-magnet.    The  armature  8  and 
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point  14  foim  part  of  the  circuit  of  tbe  local  battery,  so  that  the 
passage  of  an  electric  current  along  the  line  wire  and  around  the 
coils  of  the  electro-magnet  5  and  6  effects  the  completion  of  the 
circuit  of  the  local  battery  by  making  contact  at  14. 

I  now  proceed  to  describe  the  course  of  the  currents  of  the 
principal  and  local  batteries,  which  are,  of  course,  different  from 
that  of  the  current  when  the  translating  instrument  is  employed. 
15  and  16,  Fig.  27,are  two  additional  springs,  and  a  short  additional 
lever,  17,  shown  by  dotted  lines,  if  placed  under  the  lever  Z,  which 
gives  motion  to  it  by  means  of  an  ivory  or  other  non-conducting 

Fig.  26. 


pin,  18,  so  that  the  two  levers  move  together,  but  are  not  in 
metallic  contact.  The  lever  Z  is  connected  to  the  earth  through 
the  screw  E  ;  the  spring  2  is  connected  by  a  wire  with  the  metalh'c 
point  X,  and  another  wire  connects  the  support  of  the  fork  W 
with  the  coils  of  the  magnet  5  and  G  of  the  translating  instru- 
ment, from  which  it  passes  to  the  screw  L,  and  along  the  line. 
19  is  a  galvanometer,  which  may  be  advantageously  introduced  in 
the  circuit  to  show  the  strength  of  the  current.  The  spring  1  is 
connected  to  the  zinc  pole  of  the  batteiy,  and  the  copper  pole  is 
connected  to  the  screw  C^,  from  which  the  current  passes  to  the 
point  w,  through  the  lever  N  and  the  support  N%  and  thence  into 
the  wire  which  leads  to  the  coils  of  the  transmitting  instrument. 
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The  zinc  pole  of  the  local  battery  is  connected  to  the  screw  Z', 
and  the  copper  pole  is  connected  to  the  screw  C,  from  which  a 
wire  proceeds  to  the  short  lever  17.  A  wire  proceeds  from  the 
spring  16  to  the  coils  of  the  alarom  magnet  Q,  and  thence  to  the 
metallic  point  14.  The  piece  9,  which  snpports  the  spindle  of  the 
armature  8,  is  connected  to  the  screw  Z^,  thus  completing  the 
circuit  of  the  local  batterj.  The  spring  15  is  connected  by  a  wire 
to  the  screw  P,  from  which  a  wire  proceeds  to  the  coils  of  the 
magnet,  which  works  the  ratchet  wheel,  and  then  joins  the  wire 
leading  to  the  point  14.    The  line  wire  from  L  passes  to  the 
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screw  E  of  the  instrument  at  the  next  station,  and  again  from  the 
screw  L  of  that  instrument  to  the  next  station,  and  so  on,  until  it 
reaches  the  screw  E  in  the  instrument  at  the  distant  terminus. 
A  wire  proceeds  from  the  screw  L  of  this  instrument  to  the  earth. 
The  lever  Z  of  all  the  instruments  being  moved  towards  the  letter 
R,  all  the  instruments  will  be  at  rest.  If  now  the  lever  Z  of  the 
instrument  at  one  of  the  stations  be  moved  towards  the  letter  T, 
the  battery  will  be  introduced  into  the  circuit  of  the  line  wire,  and 
the  armatures  of  all  the  translating  instruments  >rill  be  attracted, 
and  thus  contact  will  be  made  at  the  points  14.  The  local 
battery  at  each  station  will  thus  be  brought  into  action,  and  a 

current  of  electricity  will  pass  through  the  coils  of  the  magnet  G 
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and  H  at  the  active  station,  and  through  the  coils  of  the  alaronr 
magnets  Q  Q  at  all  the  other  stations.  The  armatures  of  the 
alarum  magnets  will  he  immediately  attracted  and  the  bells  will 
be  struck,  and  the  forks  W  being  driven  forward  will  break  the 
contact  at  x,  thus  destroying  the  continuity  of  the  line  wire. 
The  armatures  of  the  translating  instruments  will  then  im- 
mediately fall  back,  and  break  thQ  continuity  of  the  circuit  of  the 
local  battery  at  14,  then  the  armatures  of  the  alarum  magnets 
will  fall  back  and  restore  the  continuity  of  the  line  wire,  then  the 
armature  of  the  translating  instrument  will  be  again  attracted,, 
and  so  on.  The  alarum  will  thus  continue  to  ring.  The  spring 
of  the  armature  of  the  indicating  instrument  being  much  stronger 
than  that  of  the  alarum,  will  prevent  the  indicating  instrument 
from  moving  while  the  alarums  are  in  the  circuit. 

The  attention  of  the  various  attendants  having  been  called  by 
the  alarums,  they  move  the  levers  Z  of  their  respective  instruments 
towards  the  letter  T.  When  all  the  levers  are  in  this  position  the 
currents  of  the  local  batteries  will  be  directed  round  the  magnets 
G  and  H  of  the  indicating  instruments,  which  will  then  attract  their 
respective  armatures  and  advance  the  levers  C.  As  these  levers 
approach  the  end  of  their  stroke  they  shift  the  forks  N,  and  thus 
break  the  continuity  of  the  line  wire.  The  armatures  of  the  trans- 
lating instruments  now  fall  back,  and  in  so  doing  break  the  con- 
tinuity of  the  circuit  of  the  local  battery  ;  the  armatures  of  the 
magnets  of  the  indicating  instruments  then  fall  back  and  the 
ratchet  wheels  are  advanced  one  tooth.  The  contact  is  then 
restored  at  m,  and  the  current  again  traverses  the  line  wire  and 
translating  instruments  and  the  instruments  commence  another 
stroke.  All  these  motions  succeed  each  other  with  great  rapidity,, 
and  the  instrument  is  worked  by  depressing  the  keys  in  the  same 
way  as  when  the  translating  instrument  is  not  employed. 

When  a  printing  instrument  like  that  above  described  is  required 
to  work  with  the  indicating  instrument  it  is  only  necessary  to  con- 
nect the  wire  from  the  screw  P  to  the  coils  of  the  type  wheel 
magnet  and  thence  to  the  spring  15  ;  the  type  wheel  will  then 
march  in  unison  with  the  index  of  the  indicating  instrument ;  the 
circuit  of  the  hammer  magnet  will  include  another  local  battery, 
or  will  be  connected  with  the  same  local  battery,  so  as  to  include 
only  a  part  of  it.    In  place  of  employing  two  local  batteries  and 
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one  principal  battery,  it  is  generally  more  convenient  to  employ 
one  battery  of  several  pairs  and  to  connect  the  whole  of  it  to  the 
principal  circuits,  and  only  a  portion  of  it  to  the  local  circuits. 
By  this  means  the  whole  power  of  the  battery  will  be  transmitted 
through  the  circuit  of  the  line  wire  to  act  upon  the  transmitting 
instruments,  and  as  soon  as  their  armatures  are  attracted  a 
portion  of  the  power  of  the  battery  will  be  diverted  into  the  circuit 
of  the  electro-magnets  which  work  the  ratchet  wheels  of  the  indi- 
cating and  printing  instruments.  The  remaining  portion  of  the 
current  which  still  traverses  the  line  wire  is  sufficient  to  retain  the 
armatures  of  the  transmitting  magnets  when  the  instruments  are 
stopped,  by  depressing  one  of  the  finger  keys,  the  line  circuit  is 
broken,  the  armature  of  the  transmitting  instrument  falls  back 
and  breaks  the  circuit  of  the  electro-magnets  which  work  the 
ratchet  wheels,  and  on  their  armatures  falling  back  the  circuit  of 
the  hammer  magnet  is  completed,  and  a  continuous  current  of 
electricity  from  the  part  or  the  whole  of  the  battery  passes  round 
the  hammer  magnet  and  causes  the  blow  to  be  struck. 

The  form  and  construction  of  the  translating  instrument  may 
be  greatly  varied*  Instead  of  using  an  electro-magnet  and  arma- 
ture, two  electro-magnets  may  be  employed  or  an  electro-magnet 
and  a  steel  magnet,  or  a  magnet  and  a  coil,  or  two  or  more  coils,  or 
spirals  or  various  other  combinations.  Thus  the  apparatus  shown 
in  Figs.  14-17  may  all  be  employed  for  that  purpose, 

I  wish  it  to  be  understood  that  I  do  not  claim  generally  the  use 
of  a  translating  instrument  for  completing  the  circuit  of  a  k)cal 
battery,  but  only  when  such  instrument  is  connected  with  a  self- 
acting  telegraph  instrument,  so  that  the  circuit  of  each  instrument 
is  made  and  broken  by  the  action  of  the  other  instrument.  This 
reciprocal  action  of  the  two  instruments  enables  me  to  work  a  self- 
acting  telegraphic  apparatus  with  great  rapidity  by  means  of  a 
local  battery,  or  by  a  separate  circuit  from  the  same  battery  which 
is  connected  with  the  line  wire. 

VII.  Alarums. 

In  constructing  alarums,  I  employ  self-acting  instruments,  made 
on  the  same  principle  as  the  indicating  and  printing  instruments 
above  described.    The  oscillating  lever,  which  is  worked  by  the 
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electro-magnet,  carries,  in  place  of  a  click,  a  hammer,  vhicb 
BtrikeB  a  rapid  BticceasioQ  of  blows  upon  a  bell.    These  alamms 


may  be  worked  directly  by  the  currents  travelling  the  line  wire, 
or  indirectly  by  means  of  the  translating  iuatrument  witb  re- 
ciprocal action,  as  already  described.    They  may  also  be  worked 
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by  meaoB  of  a  translating  instroment  without  reciprocal  action. 
An  arrangement  of  this  sort  is  shown  in  Fig.  28.  A  is  an 
electro-magnet,  with  its  armatore  B,  which  is  kept  away  from 
the  magnet  by  the  spring  G,  and  rests  against  a  stop  D  ;  a 
metallic  contact  piece  E,  is  placed  almost,  but  not  quite,  in  contact 
with  another  contact  piece  on  the  armature.  This  forms  the 
translating  instrument,  the  armature  B  and  contact  piece  E  being 
included  in  the  circuit  of  a  local  battery,  which  circuit  is  com- 
pleted by  the  slight  motion  of  the  armature  towards  the  magnet 
producing  contact  atE.  F  F  are  the  two  poles  of  an  electro- 
magnet 6  ;  and  H  is  its  armature,  turning  on  the  centre  I.  This 
armature  carries  the  hammer  J  which  strikes  the  bell  E  when  the 
armature  is  attracted  by  the  magnet.  The  armature  also  carries 
an  arm  L,  provided  with  the  two  ivory  studs,  which  strike  against 
the  fork  M  and  shift  it  backwards  and  forwards.  When  at  rest,  the 
fork  is  in  contact  with  the  metallic  point  N  ;  one  of  the  wires  of  the 
local  battery  is  connected  to  the  contact  piece  E,  and  the  other  wire 
is  connected  to  the  coils  of  the  magnet  6,  and  thence  to  the  point  N. 
The  fork  M  is  in  communication  with  the  armature  B.  This  in- 
Btmment  may  be  used  with  great  advantage  at  intermediate 
stations,  to  inform  them  of  the  conclusion  of  a  communication 
which  has  taken  place  between  two  stations  on  opposite  sides  of 
the  intermediate  station,  and  to  warn  the  attendant  at  the  inter- 
mediate station  to  introduce  his  indicating  or  printing  instrument 
into  the  circuit.  For  this  purpose  the  coils  of  the  magnet  A  are 
introduced  into  the  circuit  of  the  line  wire  whenever  the  signalling 
instrument  is  withdrawn,  and  the  spring  C  is  so  adjusted  that  the 
armature  B  is  not  put  in  motion  by  the  short  intermittent  currents 
whicb  work  the  signalling  apparatus  at  the  two  stations  which  are 
in  communication  with  each  other.  When  the  operators  at  those 
stations  have  completed  their  communication,  they  both  depress  a 
button  provided  for  that  purpose  in  their  respective  instruments, 
by  which  their  instruments  are  excluded  from  the  circuit  of  the 
line  wire,  so  as  to  send  a  continuous  current  of  electricity  through 
the  line  wire,  and  through  the  coils  of  the  magnet  A  at  each  of  the 
intermediate  stations.  The  effect  of  this  continuous  current  will 
be  to  attract  the  armature  B,  and  keep  it  in  contact  with  the 
piece  E  as  long  as  the  current  passes.  The  circuit  of  the  local 
battery  is  thus  completed  and  the  armature  H  is  attracted  and  a 
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blow  struck  on  the  bell  E.  At  the  same  time  the  motion  of  the 
ann  L  drives  the  fork  M  away  from  the  point  N,  and  thus  breaks 
the  circnit  of  the  local  battery,  and  the  hammer  falls  back  from 
the  belL  The  fork  is  now  thrown  against  the  pin  N,  and  the  con- 
tact restored,  when  the  armature  H  is  again  attracted,  and  the  bell 
thus  continues  to  ring  at  each  intermediate  station  as  long  as  the 

Fig.  29. 


betore-mentioned  buttons  are  depressed.  The  attention  of  any 
particular  station  may  be  called  by  means  of  a  previously  arranged 
code  of  signals  ;  thus  ringing  once  for  a  short  time  may  serve  for 
one  station  ;  ringing  twice  in  succession  for  another  ;  ringing 
once  for  a  short  space  of  time,  and  once  for  a  longer  space  of  time, 
may  serve  for  another  station,  and  so  on.  By  this  means  a  code  of 
audible  signals  may  be  employed  in  place  of  a  code  of  visible 
signals. 

Fig.  29  represents  a  front  view  of  the  commutator,  by  means  of 
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which  the  above  described  alarums  and  the  indicating  or  printing 
instmments  are  introduced  and  Cut  off  from  the  circuit.    «  /  are 
the  line  wires  passing  in  either  direction  from  the  intermediate 
station.    These  wires  are  respectively  in  connection  with  the 
springs  g  h  which  are  capable  of  moving  between  the  pieces  t  i  and 
the  pins  m  n  which  are  all  made  of  metal.    A  lever  a  turns  on  the 
centre  h  and  carries  a  piece  of  ebony  or  other  non-conducting  sub- 
stance/, of  the  form  shown  in  the  drawing.    The  end  c  of  the 
lever  a  may  be  brought  in  contact  with  the  spring  d  or  may  be 
depressed  so  as  to  bring  the  longest  diameter  of  the  piece/ into  a 
vertical  position.  The  ends  of  the  coil  of  the  magnet  A,  Figure  28, 
are  connected  to  the  pins  m  and  n,  so  that  when  the  lever  a  is  de- 
pressed the  course  of  the  current  is  from  the  line  wire  $  through 
the  spring  g  and  pin  m  to  the  coils  of  the  magnet  A,  and  thence  to 
the  pin  n,  spring  A,  and  line  wire  L    The  piece  i  is  in  connection 
with  an  indicating  or  printing  instrument  and  battery,  from  which 
a  counection  is  made  to  the  screw  Z,  which  is  in  connection  with 
the  lever  a.    The  piece  k  is  connected  to  a  similar  instrument  and 
battery,  from  which  a  connection  is  also  made  to  the  screw  /. 
Lastly  the  spring  d  is  connected  to  earth  through  the  screws. 
If  the  lever  a  be  now  placed  in  the  position  shown  in  the  drawing, 
the  springs  g  and  h  will  leave  the  pins  m  and  n  and  come  in  con- 
tact with  the  pieces  %  and  h.    The  circuit  is  now  through  the  line 
wire  «,  spring  g,  and  piece  ♦  into  one  telegraphic  instrument, 
and  thence  through  the  screw  l,  lever  a,  and  spring  d  to  the  earth, 
and  back  to  the  station  from  which  the  line  wire  8  proceeds. 
Another  circuit  is  formed  by  the  line  wire  ty  spring  I  and  piece  k^ 
with  the  other  telegraphic  instrument,  through  the  screw  Z,  lever 
^,  and  spring  d  to  ihe  earth,  and  back  to  the  station  from  which 
the  line  wire  t  proceeds.    The  intermediate  station  is  thus  con- 
verted into  a  terminal  station  for  both  line  wires  8  and  /,  and  has 
the  power  of  communicating  with  the  stations  in  each  direction 
independently.    If  it  be  required  to  exhibit  at  the  intermediate 
station  signals  which  are  passing  between  two  other  stations  it  may 
he  effected  by  depressing  the  lever  a  a  little  from  the  position 
shown  in  the  drawing,  and  thus  breaking  the  connection  between 
the  screw  Zand  the  earth,  when  the  current  will  pass  through  and 
exhibit  signals  at  both  the  instruments    at    the    intermediate 
station. 
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VIIL  Combination  of  Seveeal  Line  Wires. 

Hitherto  for  each  line  of  telegraphic  commanicatioD,  at  least 
one  line  wire  has  been  required,  and  the  earth  is  generally  used  to 
complete  the  circuit.  When  more  than  one  line  wire  is  established 
between  two  stations,  I  am  enabled  with  my  instrument  to  work 
as  many  telegraphic  instruments  as  there  are  pairs  of  different  Une& 
to  be  made,  counting  the  earth  as  one  line.  Thus  with  two  wires, 
which  with  the  earth  give  three  lines  of  communication,  I  am 
enabled  to  work  three  instruments ;  with  three  wires  I  work  six 
instruments,  and  so  on. 

Fig.  30  is  a  diagram  of  the  mode  in  which  three  wires  A,  B,  and 

Fig.  30. 
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C,  are  connected  with  each  other  and  with  the  earth  for  working^ 
six  instruments  at  each  end  of  the  line,  which  are  represented  by 
small  circles.  The  circuits  thus  obtained  are  AE,  BE,  CE,  AB,  AC, 
and  BC.  This  arrangement  of  the  line  wires  cannot  be  adopted 
with  all  descriptions  of  telegraph  instruments,  but  only  with  those 
whose  efficient  working  is  not  prevented  by  a  considerable  and 
irregular  increase  and  decrease  of  the  strength  of  the  current* 
Each  instrument  should  be  provided  with  a  separate  battery,  and 
it  is  further  necessary  to  include  within  the  circuit,  together  with 
each  battery,  something  to  cause  a  strong  resistance  to  the  electric 
current,  for  the  purpose  of  decreasing  its  irregularity. 

IX.  Keyboard  for  giving  Signals  by  a  Succession  of 

Elementary  Signals. 

Another  part  of  my  invention  consists  in  an  improved  arrange- 
ment of  needle  telegraphs  and  chemical  telegraphs,  and  generally 
of  those  telegraphs  in  which  letters  and  signals  are  gi^en  by  a 
succession  of  two  or  more  conventional  signs. 

Hitherto  great  skill  has  been  required  to  work  these  telegraphs 
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by  haad  with  the  maximam  degree  of  rapidity  and  certainty  of 
which  they  are  capable.  I  have  rendered  that  skill  on  the  part  of 

Fig.  31. 


the  operator  and  the  uncertainty  attending  it  unnecessary  by  the 
introduction  of  keys,  which  are  marked  with  the  letters  of  the 
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alphabet,  and  which  require  simply  to  be  pressed  down  in  order  to 
produce  the  combination  of  elementaiy  signs  which  are  understood 
h^  the  receiver  of  the  message  at  the  distant  station. 

Fig.  31  represents  a  plan,  side  view,  and  section  of  mj  apparatus. 
It  consists  of  a  series  of  keys  A,  B,  C,  <&c.,  and  as  many  pairs  of 
springs  a,  a^,  &,  ft^,  c,  c^,  &c.,  each  pair  being  capable  of  being 
raised  when  the  corresponding  key  is  depressed.  That  part  of 
the  key  which  comes  in  contact  with  the  springs  is  of  ivory  or 
other  non-conducting  material.  The  two  springs,  which  form  a 
pair,  are  fixed  upon  separate  metallic  bars,  1  and  2,  which  connect 
the  springs  a,  b,  c,  &c.,  to  the  earth  and  the  springs  a^  ¥,  &,  &a, 
to  the  line  wire.  The  height  to  which  the  springs  can  be  raised  is 
limited  by  a  bar,  3,  of  wood  or  other  non-conducting  material.  A 
metallic  bar,  4,  is  fixed  parallel  to  this  bar,  and  is  connected  to 
one,  say  the  positive,  pole  of  a  galvanic  battery.  This  bar  carries 
as  many  perpendicular  metallic  screws  a",  a*,  ft»,  J',  c*,  c*,  &c., 
as  there  are  springs  a,  a^,  &,  2^\  c,  c\  &c.,  so  that,  by  pressing  down 
any  one  key,  a  connection  is  made  from  one  pole  of  the  battery  to 
both  the  earth  and  the  line  wire.  The  places  of  contact  between 
the  springs  and  screws  are  formed  of  the  metallic  alloys  already 
described.  A  metallic  cylinder,  5,  is  mounted  on  an  axis,  and 
carries  a  series  of  metallic  pins  on  its  periphery,  which,  when 
the  cylinder  revolves,  depress  during  short  intervals  of  time  the 
one  or  the  other  of  a  pair  of  springs,  which  are  raised  by  the 
pressing  down  of  on^  key.  The  cylinder  5  is  connected  to 
the  opposite  or  negative  pole  of  the  battery,  and  when  by  its 
revolution  it  depresses  the  spring  &,  the  contact  between  that 
spring  and  its  screw  ^'  is  broken,  and  a  circuit  is  established 
from  the  positive  pole  of  the  battery,  through  the  spring  J*, 
the  line  wire  and  the  receiving  instrument  at  the  distant  station 
into  the  earth,  thus  causing  an  elementary  signal  to  be  given, 
and  from  the  earth  through  the  spring  h  and  the  cylinder  5 
to  the  negative  pole  of  the  battery.  If  in  place  of  depress- 
ing the  spring  h  the  spring  h^  is  depressed,  the  current  will 
pass  through  the  line  wire  in  the  opposite  direction,  and  thus  an 
elementary  signal  of  an  opposite  description  is  produced  at  the  re- 
ceiving instrument.  The  cylinder  5  receives  its  rotary  motion 
by  means  of  clockwork,  which  is  regulated  by  a  fly  or  by  a  disc  of 
iron  rotating  before  the  poles  of  a  horse-shoe  magnet.    Instead  of 


WERNER    VON  SIEMENS.  6 1 

clockwork  an  electro-magnetic  machine  may  be  used  for  this  pur- 
poee,  which  may  at  the  same  time  serve  to  produce  electro-magnetic 
carreats  by  indaction,  which  are  sent  through  the  line  wire  in 
place  of  the  current  from  the  battery.    The  axis  of  the  cylinder  & 
carries  on  one  end  an  arm,  6,  Fig.  81,  which  is  bent  backwards  in 
the  form  of  a  hook  at  7  ;  when  the  instrument  is  in  repose,  this  hook 
rests  against  a  stop,  8,  on  the  lever,  9,  the  end  of  which  is  made  to 
bear  on  the  lever,  10,  turning  on  the  axis,  1 1,  by  means  of  the  spring 
12.    The  lever  10  rests  against  a  pin,  18.    On  this  axis  are  fixed 
two  or  more  arms,  14,  shown  by  the  dotted  lines.  These  arms  carry 
a  bar,  15,  which  extends  from  one  end  of  the  instrument  to  the 
other,  so  that  the  depressing  of  any  one  of  the  keys  depresses  the 
bar  15,  raises  the  lever  10,  depresses  the  stop  8  and  releases  the 
cylinder   5,  which  immediately  revolves.     When  it  has  nearly 
completed  a  revolution  the  hook  on  the  arm  6  is  arrested  by  the 
stop  16  on  the  lever  9.    By  the  revolution  of  the  cylinder  a  suc- 
cession of  contacts  will  have  been  made  between  the  pins  on  the 
cylinder  and  one  or  both  of  those  two  springs,  which  have  been 
brought  into  action  by  depressing  the  key,  and  thus  a  certain  sue* 
cession  of  elementary  signals  of  the  same  or  opposite  directions 
will  have  been  produced  in  the  receiving  instrument  at  the  distant 
station,  which  succession  of  elementary  signals  may  represent  the 
letter  marked  on  the  key  which  has  been  depressed.    On  releasing 
the  key  the  stop  IG  on  the  lever  9  is  raised  by  the  action  of  the 
spring  12,  and  the  arm  G  moves  forward  through  a  short  space, 
when  it  is  arrested  by  the  stop  8,  against  which  it  rests,  until 
another  key  is  pressed  down.    In  order  to  produce  currents  of 
longer  duration  by  this  instrument  I  fix  upon  the  cylinder  several 
pins  in  close  succession,  or  one  broad  pin.    The  receiving  instru- 
ment at  the  same  station  is  included  in  the  circuit  and  gives  the 
same  indications  as  the  one  at  the  distant  station.    The  pin  18  is 
of  metal  and  is  connected  to  the  bar  2,  whilst  the  lever  10,  which 
is  also  of  metal,  is  connected  to  the  bar  1.    The  line  wire  is  thus, 
placed  in  direct  communication  with  the  earth  when  the  instru- 
ment is  at  rest,  and  the  receiving  instruments  remain  included  in 
the  circuit.    The  circuit  is  thus  always  in  readiness  to  receive  a 
communication  ^m  another  station.    It  will  be  readily  seen  that 
instead  of  producing  the  signals  by  means  of  two  springs  and  one 
cylinder  with  pins,  two  cylinders  may  be  employed  with  one  spring 
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for  each  key.  If  currents  in  only  one  direction  are  required,  one 
<;ylinder  and  one  key  to  each  spring  are  sufficient,  a  cylinder  with 
insulated  pins  may  be  used,  in  which  case  the  springs  are  placed 
close  to  it,  so  as  to  be  depressed  by  the  pins  and  thereby  brought 
into  contact  with  the  end  of  the  depressed  key,  which  is  then  made 
of  metal  and  connected  with  odc  of  the  poles  of  the  battery.  The 
•cyhnder  may  also  be  provided  with  more  than  one  arresting  lever, 
and  be  so  arranged  that  the  signals  composing  a  letter  may  be 
produced  by  only  a  part  of  a  revolution  of  the  cylinder. 

X.  Undeeground  Line  Wire. 

Hitherto  where  coated  line  wire  has  been  used  for  tele- 
graphic purposes,  either  it  has  been  suspended  in  the  air  (as  in 
passing  through  tunnels)  or  it  has  been  inclosed  in  lead  or  iron 
tubes,  and  laid  either  above  or  under  the  surface  of  the  ground,  or 
lastly,  it  has  been  laid  without  any  metallic  protection  in  open 
trenches  which  were  made  and  afterwards  filled  with  earth  in  the 
usual  manner.  The  difficulty  of  insulating  underground  wiresand 
other  reasons  have  led  to  the  extensive  adoption  of  the  practice  of 
suspending  the  line  wires  in  the  air.  The  introduction  into  com- 
merce of  the  substance  called  gutta  percha  has  however  of  late  given 
great  facilities  for  the  insulation  of  underground  wire,  by  employing 
a  wire  coated  with  this  substance.  Still,  the  expense  of  laying  such 
wire  in  the  ground,  together  with  defects  in  the  insulation  arising 
from  flaws  in  the  coating  and  other  causes,  have  hitherto  restricted 
its  use  in  this  country,  although  it  possesses  considerable  advantages 
in  some  respects,  particularly  as  regards  its  being  almost  entirely 
free  from  the  interruptions  caused  in  suspended  line  wires  by 
lightning  and  atmospheric  electricity. 

The  object  of  this  part  of  my  invention  is  to  remove  the  various 
difficulties  in  the  way  of  employing  underground  line  wire.  My 
improvements  in  imbedding  coated  line  wire  in  the  ground,  con- 
sists in  the  application  of  certain  implements  for  that  purpose, 
which  are  forced  through  the  ground  by  means  of  steam  or  animal 
power,  whereby  a  considerable  saving  of  manual  labour  is  effected. 

Fig.  32  shows  an  elevation  and  plan  of  an  instrument  partaking 
of  the  nature  of  a  mole  plough,  which  I  make  use  of  for  this  pur- 
pose.   It  consists  of  a  strong  frame  a,  a  coulter  or  cutter  i,  and 
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the  principal  holloir  cotter  or  mole  e,  which  worka  in  a  guide  d, 
in  the  fraiue  a,  and  m&y  be  raised  or  lowered  into  the  ground  by 
taming  the  wheel  e,  on  an  upright  screw  which  is  supported  in  a 
staadard  frame.  On  the  frame  a,  are  fixed  brackets  ffff,  which 
support  the  dramH  g  g,  on  which  is  wound  the  coated  wire  which 
is  to  be  deposited  in  the  groond.  The  ftame  a  is  supported  in 
front  by  a  pair  of  wheels  h  h,  the  axis  of  which  is  fixed  to  the 
frame  by  a  swivel  joint,  and  in  the  rear  by  a  pair  of  wheels  1 1, 
which  may  be  adjusted  in  height  individually  by  means  of  sorews 

Fig.  82. 


hk.  A  tail  ^  is  provided  for  the  purpose  of  directing  the  instm- 
ment  through  the  ground.  The  mole  c  is  composed  of  two  plates 
of  wrought  iron  or  steel,  which  are  riveted  together  with  inter- 
vening  strips  of  metal  as  indicated  by  the  dotted  lines,  which  form 
separate  guides  for  the  coated  wires  into  the  ground.  The  front 
edge  of  the  mole  blade  is  made  angular,  and  the  mole  itself  has  a 
shoe  of  st«pl  or  chilled  cast  iron  m,  to  facilitate  its  passage  through 
tbe  ground.  In  order  to  diminish  the  friction  of  the  wires  in  the 
mole,  small  rollers  at  its  mouth  and  along  its  sides  may  be  pro- 
vided. This  instrument  is  used  in  the  following  manner  : — As 
many  separate  wires  as  are  intended  to  be  laid  are  threaded  through 
the  guides  in  the  mole.    A  hole  is  made  in  the  ground  at  the 
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conimeDcement  of  the  Hoe  to  receire  the  mole,  and  the  ends  of 
the  wires  are  fastened  to  a  post  or  otherwise.  The  iDstrament  is 
then  drawn  forwards  bj  means  of  crabs,  which  are  fixed  at  some 
distance  and  which  may  be  worked  either  by  animal  power  or  by  a 
portable  steam  engine  ;  or  if  the  ground  is  of  a  loose  description, 
the  plough  may  be  drawn  along  by  horses  or  oxen  without  the  aid 
of  fixed  machinery.  The  draught  chain  or  rope  is  attached  to  the 
hook  n,  which  is  freely  suspended  from  the  ii-ame  a,  and  transfera 
the  power  bo  the  mole  iteelf.  If  the  gronnd  is  hard,  I  make  nse  of 
a  common  double  plough  to  precede  the  instrument  jost  described. 


FiR.  33. 


or  I  loosen  the  ground  by  merely  catting  through  it  with  a  deep 
coulter.  Another  plan  is  to  cut  a  trench  of  half  the  required 
depth,  and  then  to  pass  the  mole  plough  along  at  the  proper 
depth. 

In  depositing  line  wire  in  the  ground  along  railways,  I  prefer 
to  employ  the  power  of  a  locomotive  engine.  A  strong  beam 
p,  Fig.  33,  is  fastened  across  the  engine-frame.  To  the  end  of 
this  beam,  which  projecte  beyond  the  ends  of  the  sleepers,  a  frame 
of  cast  iron  q,  is  fixed,  which  is  provided  with  a  series  of  stods 
TTT  along  the  upper  flange,  and  a  series  of  holes  along  the  lower 
flange.    A  strong  coulter  «,  is  fastened  to  this  frame  in  any  deeir- 
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able  position,  as  will  be  seen  from  the  drawing,  by  means  of  a  single 
bolt  ^  which  in  case  of  undue  resistance  in  the  ground,  on  account 
of  a  stone  or  other  impediment,  gives  way  and  allows  the  coulter 
to  stop;  the  impediment  being  removed,  the  engine  is  again 
brought  up  to  the  coulter,  and  connected  to  it  by  means  of  a  fresh 
bolt. 

The  first  coulter  may  be  followed  by  a  second  and  even  a  third, 
going  to  a  greater  depth  than  the  first,  and  finally  it  may  be 
followed  by  a  mole  for  depositing  the  wire  or  wires,  similar  to  the 
one  above  described,  but  fastened  with  its  own  irame  to  that  of  the 
engme,  in  such  a  manner  that  whenever  the  ground  presents  an 
ondue  resistance  the  mole  frame  shall  be  detached  from  the  engine 
by  the  giving  way  of  a  bolt  or  spring  catch,  or  any  other  similar 
contrivance,  as  is  well  understood.  In  places  where  the  ground  is 
frequently  intersected  with  large  stones,  rocks,  or  the  roots  of  trees, 
it  is  sometimes  desirable  to  complete  an  open  trench,  in  which  the 
line  wire  is  deposited  in  the  usual  manner,  or  with  a  coating  of 
sheet  lead,  as  hereinafter  described.  In  using  the  power  of  a 
locomotive  engine  for  this  purpose,  I  first  pass  a  coulter  through 
the  ground  in  an  oblique  position,  as  represented  in  Fig.  83, 
and  afterwards  in  the  position  shown  by  the  dotted  lines  in 
Fig.  88.  By  this  means  a  prismatic  body  of  earth  is  separated, 
which  is  removed  to  the  surface  by  a  lifting  tool  similar  in  form 
to  a  double  plough,  which  is  also  attached  to  the  same  or  another 
engine. 

The  same  process  may  then  be  repeated  with  deeper  coulters  and 
ploughs,  until  a  trench  of  sufficient  depth  is  completed.  In  this 
operation  frequent  recourse  is  had  to  manual  labour. 

In  dry  and  chalky  soils  an  instrument  similar  to  that  shown  in 
Fig.  84,  may  be  employed.  It  is  here  represented  as  adapted  for 
laying  line  wire  by  the  side  of  a  railway.  It  consists  of  a  large 
disc  a,  which  is  formed  of  wrought  iron,  and  carries  on  its  peri- 
phery strong  teeth  or  cutters  1,  1,  1,  1.  The  axis  of  this  disc 
carries  a  chain  pulley  b  by  which  it  is  turned  round  in  the  direc- 
tion of  the  arrows,  the  motion  being  derived  from  another  chain 
pulley  c^  which  is  driven  by  means  of  the  wheel  d,  and  pinion  e, 
which  last  is  set  in  motion  by  a  small  steam  engine  attached  to  the 
upright  tubular  boiler/.  The  crank  shaft  of  this  engine  carries  a 
small  fly-wheel  ^,  which  however  may  be  dispensed  with  if  two 
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Bteam  cylinders  are  tised,  as  n  well  nDderstood.    The  frame  wliioh 
BQpports  the   engine    and    machinery  rrate    npon  fotu  wheels 


h,  k.  A',  AS  which  run  upon  the  rails  of  the  railway.  The  wheels 
t^  A  are  made  to  revolve  slowly  by  means  of  a  pinion  i,  which 
gears  into  a  wheel  Ic  on  their  axis,  and  the  carriage  is  thus  made 
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to  advance  alowly  by  the  friction  of  the  wheeb  on  the  rail.  The 
cutting  wheel  a  is  supported  by  its  axis  in  a  movable  frame  ^  with 
Its  fixed  centre  m,  which  carries  a  toothed  segment  n,  gearing 
into  an  endless  screw  0,  by  turning  which  the  wheel  a  may  be 
lifted  clear  out  of  the  ground.  When  in  its  lowest  or  working 
position,  the  axis  of  the  wheel  a  findR  a  direct  support  on  the 
principal  frame,  in  an  open  bearing  at  jt?.  Immediately  behind 
this  wheel  follows  a  flat  wrought  iron  frame  or  sheath  y,  which 
is  made  a  little  narrower  than  the  cutting  teeth,  in  order  to 
slide  freely  through  the  ground,  and  which  conducts  the  coated 
wire  or  wires  into  the  ground  through  an  internal  channel  r,  r,  r. 
The  framing  q  is  supported  on  the  axis  of  the  cutting  wheel,  with 
which  it  is  raised  and  lowered,  being  always  maintained  in  its  up- 
right  position  by  a  guide  rod  9. 

In  sandy  or  stony  soils  I  prefer  to  envelope  the  insulated  wires 
with  thin  sheet  lead,  which  is  accomplished  by  the  machine  itrelf 
in  the  following  manner :— A  hollow  axis  t  is  made  to  revolve  with 
a  velocity  depending  on  the  advancing  motion  of  the  machine,  by 
means  of  a  pair  of  bevel  wheels  and  the  strap  pulleys  w,mS  w",  w\ 
This  axis  is  provided  with  two  studs  in  an  oblique  position,  and 
opposite  to  each  other,  which  carry  the  two  pulleys  or  bobbins  v 
and  t;\  containing  coils  of  lead  strip.    The  line  wires  are  laid  out 
on  the  ground  in  advance  of  the  carriage,  and  are  conducted  through 
the  hollow  axis  i  and  the  channel  r,  r  into  the  ground,  but  are  in 
their  passage  lapped  round  with  the  two  strips  of  sheet  lead  in  a 
regular  helical  form.    Two  grooved  rollers  w  and  w^  serve  the 
double  purpose  of  pressing  the  lead  firmly  in  contact  with  the  in- 
closed coated  wires,  and  of  drawing  them  into  the  machine,  so  as 
to  prevent  them  from  being  stretched  too  tightly  in  the  ground, 
one  of  the  rollers  w  being  driven  in  the  direction  of  the  arrow  by  the 
strap  pulley  w«  on  its  axis.    In  order  to  level  the  ground  again, 
after  the  wires  are  deposited,  I  attach  two  slanting  boards  «  a;  to 
the  back  of  the  carriage,  which  are  followed  by  a  heavy  cast-iron 
roller  y,  as  will  be  readily  understood  from  the  drawing. 

The  rate  of  advance  of  the  cutting-wheel  may  be  regulated 
according  to  the  nature  of  the  ground,  by  changing  the  proportion 
between  the  pinion  and  the  wheel,  for  which  purpose  intermediate 
gearing  may  be  applied.  If  the  machine  is  to  be  moved  freely 
along  the  rails,  the  cutting-wheel  a  is  raised  by  means  of  the  end- 
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less  screw  0,  and  the  pinion  e  ie  slipped  bock  on  its  shaft,  whereby 
the  driying  wheels  are  liberated.  An  additional  pair  of  driving 
pulleys  may  be  provided  to  connect  the  driving  wheels  directly 
with  the  crank  shaft  of  the  engine,  to  run  the  carriage  quickly 
from  place  to  place,  by  the  power  of  the  engine  itself. 

It  will  be  seen  that  a  machine  of  similar  construction  to  the 
one  just  described  may  be  used  also  on  common  roads.  The 
advance  of  the  carriage  may^  in  that  case,  be  effected  with  a 
greater  degree  of  certainty  by  means  of  a  rope,  which  is  fastened 
in  advance  of  it,  and  wound  gradually  on  a  cylinder.  In  all  cased 
means  must  be  provided  to  stop  the  cutting  wheel,  in  case  it  meeta 
with  an  undue  resistance  in  the  ground,  either  by  pulling  up  the 
engine,  or  by  the  wheels  slipping  on  the  rails,  or  on  the  ground, 
or  by  a  weaker  portion  of  the  rope  or  an  axis  giving  way,  or  by 
any  other  suitable  means. 

Either  of  the  instruments  herein  described  for  depositing  the 
line  wires  in  the  ground,  may  also  be  so  arranged  as  to  be  applic-^ 
able  below  water.  For  instance,  in  crossing  rivers  or  narrow 
branches  of  the  sea,  the  plough,  Figs.  82  and  84,  may  be  drawn 
through  by  means  of  a  cable,  which  is  wound  on  a  crab  on  the 
shore.    A  diver  should  be  in  attendance  to  remove  or  avoid  the 

• 

impediments  which  the  instrument  may  meet  with.  In  crossing' 
sheets  of  water  of  considerable  breadth  the  cable  may  be  attached 
to  the  stem  of  a  steamboat,  which  at  the  same  time  carries  the 
coils  of  insulated  wire.  If  a  revolving  cutter  is  used,  I  place  the 
driving  machinery  and  the  apparatus  for  covering  the  wires  with 
sheet  lead  on  board,  and  transmit  the  motion  to  the  cutting  wheel 
by  means  of  a  diagonal  shaft. 

In  preparing  line  wire  suitable  for  being  laid  underground  I 
use  a  combination  of  gutta  percha  and  sulphur,  with  which  thef 
wire  is  coated  and  insulated  throughout  its  length.  I  employ 
any  of  the  well  known  processes  for  the  purpose  of  combining  the 
gutta  percha  with  the  sulphur.  I  prefer  to  employ  gutta  percha 
which  has  been  entirely  freed  from  water,  and  to  mix  it  mechani- 
cally with  sulphur,  in  the  state  of  very  fine  powder  by  means  of 
rollers,  and  then  to  effect  their  chemical  combination  by  heatings 
the  mixture  in  a  steam  chamber.  This  combination  of  gutta 
percha  and  sulphur  has  the  advantage  of  great  hardness,  and 
consequently  is  not  so  much  exposed  to  external  injuries  ;  it  has,. 
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moreover,  the  property  of  not  being  converted  into  a  hydrate 
when  exposed  for  a  long  time  to  the  action  of  water,  as  is  the  case 
with  pore  gntta  percha,  which  in  consequence  loses  by  degrees  its 
insulating  power;  on  the  other  hand,  the  sulphur  in  the  sul- 
phuretted or  vulcanized  gutta  percha  has  an  action  on  the  copper 
wire,  and  forms  on  its  surface  a  non-insulating  substance ;  but 
this  action  takes  place  only  during  the  coatiug  of  the  wire,  when 
the  insulating  material  is  warm,  and  can  be  made  very  insignificant 
by  using  no  excess  of  sulphur  and  by  heating  the  substance  only 
moderately.  After  the  gutta  percha  has  cooled  again,  this  action 
of  the  sulphar  on  the  copper  ceases. 

The  coating  of  the  wires  with  this  prepared  gutta  percha  is 
done  by  pressure.  The  machines  hitherto  used  for  this  purpose 
are  defective  in  many  respects,  the  wire  was  seldom  in  the  centre 
of  the  gutta  percha,  th  thickness  of  the  coating  varied  on  different 
parts  of  the  wire,  and  the  insulation  was  imperfect  owing  to  air 
babbles  and  other  defects  which  prevented  the  solidity  of  the 
gntta  percha. 

I  will  now  describe  my  improvements  in  coating  the  wire  and 
in  detecting  flaws  and  imperfect  insulation  in  the  coated  wire. 

My  machine  for  coating  the  wire  differs  especially  from  other 
niachines  for  the  same  purpose  in  the  application  of  two  cylinders 
for  pressing  the  gutta  percha  from  two  opposite  directions,  so  as 
to  prevent  a  one-sided  pressure  on  the  wires,  which  are  situated 
between  the  two  cylinders,  and  also  in  the  fact  of  the  cylinders 
being  movable  so  that  they  may  be  taken  out  when  empty,  and 
replaced  by  others,  which  are  filled  with  gutta  percha. 

Fig.  35  represents  a  vertical  section  and  plan  of  the  machine, 
A  and  A'  are  the  cylinders,  which  rest  on  the  frame  B,  with  their 
open  bottoms  in  contact  with  the  central  piece  of  the  machine  C, 
which  is  firmly  fixed  to  the  frame  B.  The  central  part  of  the 
piece  C  forms  a  shallow  passage  of  the  same  breadth  as  the  cylinders, 
which  are  thus  in  communication  with  each  other.  The  passage 
is  perforated  by  a  row  of  twelve  vertical  holes  through  its  upper 
sorface,  and  a  similar  corresponding  row  of  holes  through  its  lower 
sorface.  In  these  holes  are  placed  short  perforated  cylindrical 
pieces  of  metal  or  bushes  a  and  h,  the  holes  through  the  lower  ones 
a  being  of  the  size  of  the  uncovered  wire,  and  tiie  holes  through 
the  upp^  ones  h  being  of  the  size  of  the  coated  wire.    For  the 
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Fiff.  85. 
A. 


purpose  of  guiding  the  wires  W  ezactlj  through  the  centre  of 
the  upper  holes,  the  lower  bushes  a  are  made  oonioal  at  their  upper 
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encks,  as  shown  in  the  drawing ;  the  conical  part  may  he  of  steel 

or  a  hard  stone.    The  lower  ends  of  the  npper  bushes  h  are  made 

conical  on  the  inside  so  that  a  small  circular  space  is  left  between 

the  inside  of  the  upper  hollow  cone  and  the  lower  cone.    The  ^utta 

percha,  which,  bj  the  action  of  the  pistons  in  the  two  cylinders  A, 

A'y  is  pressed  from  both  sides  into  the  hollow  passage  of  the  central 

piece  Cy  enters  the  circular  spaces  above  mentioned,  and  passes, 

with  the  wire  in  the  centre  of  it,  through  the  upper  bushes.    The 

wires  being  equally  pressed  on  both  sides  will  have  no  tendency  to 

get  out  of  the  centre  of  the  gutta  percha  or  to  produce  friction 

against  the  sides  of  the  holes  in  the  lower  bushes  a,  which  will, 

therefore,  not  be  worn  so  much  as  when  pressure  is  on  one  side 

only.    The  simultaneous  movement  of  the  two  pistons  is  secured 

by  means  of  the  right  and  left  handed  screws  E,  E  and  E',  E', which 

are  placed  parallel  with  the  piston  rods  D  and  D,  and  connected 

with  them,  as  seen  in  the  drawings.    By  turning  the  wheels  Gl,  6', 

the  hollow  cylinders  F,  F',  which  are  provided  with  nuts  at  their 

ends,  are  turned  round,  and  the  screws  E,  E,  E',  B'  are  drawn  into 

the  hollow  cylinders  F,  F',  and  the  pistons  approach  each  other 

with  equal  velocity  ;  the  two  wheels  6,  G',  are  turned  by  means  of 

an  endless  screw,  to  which  is  fixed  the  drum  H,  which  is  driven  by 

a  strap ;  the  driving  motion  is  so  arranged  that  it  may  be  reversed 

and  the  piston  rods  drawn  back  at  an  increased  velocity  ;   the 

pistons  are  not  fastened  to  their  rods,  but  remain  in  their  position 

when  the  rods  are  moved  back.   By  means  of  a  crane  the  cylinders 

A,  A'  may  be  raised  from  their  position  when  empty,  and  replaced 

by  others  filled  with  gutta  percha.    The  operation  of  coating  the 

wire  may  then  be  continued.     The  cylinders  are  surrounded  by  a 

steam  jacket,  which  prevents  the  cooling  of  the  gutta  percha  ;  the 

wires  are  straightened  and  wound  on  drums,  and  are  guided 

through  vertical  holes  placed  at  some  distance  below  the  bushes  a. 

After  the  wires  have  issued,  coated  with  gutta  percha,  from  the 

upper  bushes  J,  they  are  carried  upwards  through  the  air  for 

twenty  or  thirty  feet  and  pass  between  wet  rollers  covered  with 

felt  or  other  soft  material.   In  this  way  a  uniform  thickness  in  the 

coating  of  the  wire  is  produced. 

When  a  very  thick  coating  is  employed,  I  cause  the  coated  wire  to 
be  guided  still  higher  and  to  pass  between  several  pairs  of  similar 
rollerB.    As  air-bubbles,  which  happen  to  be  in  the  gutta  percha, 
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are  Teiyinjarious  to  its  inaalatiDg  power,  great  care  mast  betnkeo 
in  filling  the  cylinders,  le^  an;  air  ahonld  be  included  in  the 
gutta  pereha.     For  this  purpoee  I  prepare  a  number  of  cylinders 
of  gnttA  percba  of  small  diameter  and  rather  shorter  than  the 
cylinders  A,  A',  by  means  of  rollerB,  or  by  squeezing  the  gutta 
peicha  in  a  warm  state  through  a  die  by  means  of  a  cylinder  and 
piston,  or  otherwise.    The  piston  of  the  empty  cylinder  A  or  A', 
which  haa  been  removed  from  the  macfaine,  is  forced  nearly  oat  of 
the  cylinder,  which  is  then  placed  npon  the  block  M,  Fig.  36,  and 
is  filled  with  the  small  cylinders  of  gutta  pereha  and  covered  with 
the  lid  N  ;  in  the  centre  of  this  lid  is  a  heavy  valve  n,  opening 
inwards,  under  which  ie  a  cm-ved  plate  or  dish  of  sheet  iron  p.    An 
opening  at  ^  is  capable  of  being  closed  by  a  cap  or  slide  ;  a  passagfl 
r  leads  to  an  air-pump ;  P  is  a  strong  rod  working 
Fig.  36.        through  a  stuffing-box  a ;  the  joints  are  all  made 
air-tight,  and  the  air  is  then  exhaosted  by  means  of 
the  air-pump  ;  the  valve  n  is  kept  open  by  its  own 
weight.   When  a  good  vacuum  has  been  obtained 
the  piston  A"  is  forced  up  by  means  of  the  rod  P, 
and  tlie  gutta  pereha  squeezed  into  one  mass,  the 
cylinder  being  kept  warm  by  a  steam  jacket,  the 
gutta  pereha  presses  against  the  dish  p  and  closes 
the  valve  n,  thus  preventing  the  passage  from  be- 
coming obstructed  by  gatta  pereha.    When  the 
mass  is   well  consolidated  the  hole  q  is  opened 
and  the  piston  is  advanced  to  a  certain  predetermined  distance, 
BO  that  the  cylinder  is  thus  always  filled  to  the  siune   mark. 
The  apparatus  is  now  disconnected,  and  the  gutta  pereha  which 
has  filled   the  hole  q  ie   trimmed  off.     The  cylinder  charged 
with  gutta  pereha  is  now  placed  in  the  machine,  and  the  convex 
surface  of  gutta  pereha  being  pressed  against  the  fiat  surface  left 
by  the  previous  operation,  squeezes  out  the  air  and  unites  the  two 
surfaces  in  a  sonud  and  effectual  manner. 

Notwithstanding  every  precaution  in  coating  the  wires  it  seldom 
happens  that  a  great  length  of  wire  can  be  at  once  prepared  in  a 
perfect  state.  Small  pieces  of  dirt  or  other  foreign  matters,  and 
air-bubbles  and  small  injuries  invisible  to  the  eye  are  generally 
present  and  render  the  insulation  imperfect.  A  small  degree  of 
imperfection  in  a  new  Une  is  of  no  consequence,  bat  the  defective 
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places  generallj  become  worse  in  the  course  of  time,  and  still  more 
BO  when  the  gutta  percha  has  not  been  freed  from  its  water.     I 
therefore  test  the  perfection  of  the  insolation  before  employing 
the  wires.     A  large  quantity  of  the  coated  wire  is  immersed  in  a 
vessel  of  water,  the  two  ends  of  the  wire  being  kept  out  of  the 
liquid.     One  or  both  ends  of  the  wire  are  connected  to  one  pole  of 
a  galvanic  battery,  and  a  wire  is  carried  irom  a  metallic  plate 
immersed  in  the  liquid  to  the  coils  of  a  very  delicate  galvanometer, 
consisting  of  an  astatic  needle  surrounded  with  from  five  to  ten 
thousand  convolutions  of  wire  from  which  a  connection  is  made 
to  the  other  pole  of  the  battery.    If  the  needle  of  the  galvano- 
meter is  not  deflected  the  insulation  is  perfect ;  if  the  needle  is 
deflected  it  shows  that  the  insulation  is  imperfect,  and  I  then 
proceed  to  ascertain  the  position  of  the  defect  or  defects  in  the 
following  manner  : — The  wire  is  wound  upon  a  dram  or  reel,  and 
its  end  is  placed  in  contact  with  the  metallic  spindle  of  the  drum 
from  which  a  connection  is  made  by  means  of  a  spring  and  wire 
to  one  end  of  the  induction  coils  of  a  magneto-electnc  or  electro- 
magnetic machine  for  giving  electric  shocks.    The  other  end  of 
the  induction  coil  is  brought  into  contact  with  the  body  of  the 
workman.     The  other  end  of  the  coated  wire  which  is  to  be 
tested  ia  passed  under  a  pulley  immersed  in  a  vessel  of  water  and 
then  attached  to  another  drum  or  reel,  on  which  it  is  wound  by 
turning  a  handle  under  the  control  of  the  workman.    While  the 
wire  is  thus  passing  through  the  water  the  workman  dips  his  finger 
into  the  water  of  the  vessel,  or  into  another  vessel  communicating 
with  it.    As  long  as  the  insulation  is  perfect  in  that  part  of  the 
wire  which  is  passing  through  the  liquid  the  workman  will  feel 
nothing,  but  the  moment  an  imperfectly  insulated  part  of  the 
wire  enters  the  water  the  circuit  of  the  induction  coils  is  completed 
from  one  end  of  the  coils  through  the  coated  wire,  the  water,  and 
the  body  of  the  workman,  to  the  other  end  of  the  coil,  and  the 
workman  will  receive  an  electric  shock,  when  he  will  immediately 
stop  the  machine  and  mark  the  defective  place.    When  all  the 
defects  have  thus  been  ascertained  they  are  repaired  by  warming 
the  place  and  winding  it  round  with  warmed  strips  of  gutta 
percha.     When  all  the  defects  have  been  thus  repaired,   the 
wire  is  tested    again,  and  if  it  should    still  be  found  to  be 
imperfectly  insulated  it  should  be  rejected,  as  the  fault  will 
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then  be  owing  to  the  badness  of  the  quality  of  the  gutta  percha 
itself. 

In  some  cases  it  is  advantageous  to  employ  some  additional 
coveriug  to  protect  the  underground  insulated  line  from  external 
injury.  Tubes  of  iron  or  lead  have  sometimes  been  used  for  this 
purpose,  but  are  inconvenient  in  many  respects,  particularly  in 
making  joints  and  repairing  defects.  In  place  of  tubes  of  lead  or 
iron  I  employ  strips  of  sheet  lead,  which  I  place  round  the  coated 
wires,  either  in  a  spiral  direction,  as  described  in  reference  to 
Fig.  34,  or  I  bend  a  long  strip  of  sheet  lead  into  the  form  of 
a  gutter  and  lay  the  wires  in  it,  and  then  fold  the  lead  over  the 
wires  so  as  to  completely  surround  them.  The  operation  may  be 
performed  either  on  the  line,  as  the  wires  are  laid,  or  previously. 

Underground  insulated  line  wire  may  be  compared  to  a  Leyden 
jar  of  which  gutta  percha  forms  the  non-conducting  material, 
which  is  coated  on  its  inner  side  with  the  metallic  line  wire,  and  on 
its  outer  side  with  the  moisture  of  the  air  or  sea.  On  passing  a 
current  through  such  a  line  wire  a  certain  amount  of  the  electric 
fluid  goes  to  charge  the  jar,  and  this  charge  will  again  discharge 
itself  through  the  telegi-aphic  instrument  at  one  end  of  the  circuit, 
if  the  circuit  is  broken  in  the  instrument  at  the  other  end,  wherebv 
one  instrument  may  sometimes  make  two  strokes  while  the  other 
instrument  makes  but  one.  I  remedy  this  defect  by  establishing 
a  continuous  connection  between  the  earth  and  the  line  wire  at 
each  end  of  the  circuit  by  means  of  a  thin  covered  wire  of  German 
silver,  or  any  other  material  which  offers  a  great  resistance  to  the 
electric  current  but  still  allows  a  sufficient  quantity  to  pass  to 
discharge  the  line  wire.  The  same  defect  in  underground  line 
wires  is,  to  some  extent,  remedied  by  distributing  the  battery-power 
over  many  different  stations  along  the  line,  all  the  batteries 
forming  part  of  the  same  circuit. 
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SHORT  ACCOUNT  OP  THE  EXPERIENCE  GAINED 
WITH  UNDERGROUND  CONDUCTORS  ON  THE 
PRUSSIAN  TELEGRAPH  LINES* 

The  Committee  existing  iu  Berlin  up  to  the  spring  of  1848  for 
the  prepai'ation  of  telegraph  arraugemeuts  in  Prussia  had  from  a 
careful  consideration  and  knowledge  of  the  canse  of  the  great  un- 
certainty in  electric  telegraph  service  already  existing  to  a  great 
extent  iu  England  and  America,  especially  directed  their  attention 
to  the  improvement  of  the  conductors.  They  recognized  that  the 
overhead  lines  hitherto  alone  used  would  always  prevent  the  attain- 
ment of  a  telegrapliic  communication  which  should  be  thoroughly 
and  at  all  times  safe,  as  being  faulty  in  principle,  and  that  only 
good  underground  conductors  rendered  the  attainment  of  this 
object  possible. 

In  the  summer  of  1847,  two  wires,  half  a  mile  long,  insulated 
with  gutta  percha  were  laid  by  their  orders  at  different  depths  on 
the  Anhalt  railway.  The  covering  of  these  wires  with  gutta 
percha  was  effected  by  means  of  fluted  rollers  in  a  very  imperfect 
maimer.  It  soon  appeared  that  it  was  impossible  by  this  means 
to  produce  perfect  and  durable  insulated  wires.  The  seams  con- 
necting the  gutta  percha  strips,  out*  of  which  the  covering  was 
formed,  could  not  be  made  tight,  and  after  some  time  lost  their 
solid  coherence.  A  machine  by  means  of  which  the  gutta  percha 
could  be  formed  round  the  wire  in  a  solid  mass  and  without  seam, 
was  constructed  to  obviate  this  inconvenience,  and  already  in  the 
spring  of  1848  was  produced  in  model  and  tested.f  It  had  not 
been  possible  to  collect  experience  as  to  the  necessary  depth  for  laying 
the  wires  on  account  of  the  shortness  of  the  time.  Gutta  percha 
itself  and  its  properties  were  then  only  slightly  understood  ;  it  was 
hardly  known  that  there  were  different  kinds  of  it,  and  ignorance 
naturally  existed  as  to  the  causes  of  its  decay,  and  the  disad- 
vantageous properties  of  the  bad  sorts.  This  was  the  actual 
position  of  the  experiments,  when  the  political  events  of  the  year 

•  1851. 

t  Fig.  87  is  a  drawing  of  this  model  still  preserved  in  the  Berlin  Post  Office 
Unsenm. 
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1846   necessitated  the  prompt  erection  of  the  telegraph  line* 


from   Berlin  to  Frankfort-on-tbe-Maine  and  to  Aix-Ia-Chapelle. 
Ab  the  lines  already  constructed  with  anch  imperfect  appliances 
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had  given,  on  the  whole,  so  satisfacfcoTj  aresalt^  and  as  the  defects 
still  existing  appeared  easy  to  oyercome  bj  improved  means  of 
mannfactorey  the  Committee  pronounced  in  favour  of  nnderground 
conddctors  insulated  with  gutta  percha,  and  in  coDsequence  these 
lines  were  to  be  laid  down  in  this  way.  It  must  be  confessed 
that  this  resolution  was  certainly  somewhat  risky  as  matters  then 
stood  ;  nevertheless,  the  great  advantages  which  the  use  of  good 
underground  lines  promised,  the  results  of  the  experiments  made 
which  were  generally  so  favourable,  as  well  as  the  troublous  times 
which  seemed  to  endanger  overhead  lines  too  much,  justified  the 
decision  arrived  at.  It  was,  however,  unfortunate  both  as  regards 
these  works,  and  the  system  of  underground  wires  in  general,  that 
these  first  lines  had  to  be  constructed  in  a  great  hurry,  and  that 
there  was  neither  time  for  improving  the  manuftcture  of  the 
wires,  nor  was  it  possible  properly  to  make  use  of  the  experience 
gained  in  carrying  out  the  work. 

It  was  determined  to  use  gutta  percha  combined  with  sulphur, 
vulcanized  gutta  percha  as  it  is  called.  The  reasons  for  this 
choice  were  partly  the  greater  hardness  of  this  combination, 
partly  its  known  greater  durability  in  the  open  air.  But  it  had 
only  been  known  for  a  short  time,  and  experience  was  therefore 
wanting  as  regards  its  proper  production  as  well  as  knowledge 
regarding  the  necessary  proportions  for  mixing  it.  As  a  rule,  the 
material  was  too  much  vulcanized,  worked  at  too  high  a  tempera- 
tare,  and  to  a  certain  extent  the  gutta  percha  was  not  previously 
sufficiently  freed  from  water.  The  evils  thus  arising  manifested 
themselves  perniciously,  especially  in  the  earlier  lines. 

With  excess  of  sulphur  and  too  high  a  temperature  the  copper 
combines  with  the  sulphur,  the  copper  sulphide  thus  formed 
penetrates  the  gutta  percha  which  lies  nearest  the  wire,  and  forms 
with  it  a  mass  of  a  dark  brown  appearance  which  conducts 
electricity^  and  in  the  oldest  conductors  is  often  a  quarter  of  a  line 
thick. 

The  quality  of  the  wires  would,  however,  have  been  less  injured 
hereby,  if  the  wire  had  lain  in  the  middle  of  the  gutta  percha,  if 
the  above  mentioned  layer  consisting  of  non-insulating  gutta 
percha  had  been  everywhere  surrounded  by  good  material,  and  if 
the  material  had  always  been  quite  freed  firom  water. 

But  this  was  unfortunately  not  the  case  throughout.    The  i 
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factory  entrasted  with  the  coveriDg  of  the  wires  could  not  at  first 
succeed  in  covering  the  wires  with  a  concentric  layer  of  gutta 
percha  by  means  of  the  new  machine.  Almost  all  the  wires  covered 
at  that  time  were  covered  more  or  less  eccentrically,  and  often  in 
parts  were  only  covered  with  a  thin  layer  of  gutta  percha.  The 
gutta  percha  contained  besides  a  quantity  of  bubbles  and  hollows, 
which  it  was  not  yet  understood  how  to  avoid,  and  it  was  still  not 
thoroughly  purified  and  freed  from  water,  and  was  often,  by  the 
use  of  too  high  a  temperature,  changed  into  a  spongy  mass  after- 
wai*ds  becoming  brittle.  The  good  material  was  often  adulterated 
with  worse  kinds  or  spoiled  gutta  percha.  The  technical  position 
of  the  manufacture  of  the  wire  was  consequently  still  very  low  and 
much  experience  had  still  to  be  gained  in  every  direction.  Never- 
theless the  above  mentioned  lines  had  to  be  finished  in  the 
shortest  time.  It  was  to  be  anticipated  that  the  execution  would 
be  very  imperfect,  and  this  was  to  a  great  extent  the  case. 

For  the  reasons  above  mentioned,  it  was  only  seldom  pos- 
sible to  produce  perfectly  insulated  wires.  Often  the  wires  were 
so  very  eccentric  that  the  non-insulating  layer  of  gutta  percha 
next  to  the  copper  wire,  reached  to  the  outer  sur&ce.  Where 
this  was  not  the  case,  still  the  bottom  of  the  hollows  and  air 
I  bubbles  was  reached.    The  covering  thus  partly  lost  its  insulating 

property  and  the  current  passing  through  the  conducting  places, 
when  the  conductors  were  subsequently  used,  decomposed  the 
copper  sulphide,  and  in  the  course  of  a  few  years  changed  the 
gutta  percha  into  a  loose  spongy  mass  filled  with  water.  The  con- 
sequence of  this  was,  that  the  copper  wire  itself  was  oxidized  by 
electrolysis,  and  copper  oxyhydrate  was  formed,  which  at  last 
burst  the  covering  quite  apart,  and  produced  longitudinal  rents  in 
the  gutta  percha,  often  of  very  considerable  extent.  Everywhere 
where  gutta  percha  mixed  with  copper  sulphide  formed  the  bottom 
of  a  hollow  in  the  insulated  covering,  the  same  action  wenc  on, 
and  there  were  found  in  place  of  the  hollows  holes  reaching 
through  to  the  wire  itself. 

If  from  the  beginning  only  perfectly  insulated  wires  had  been 
used,  this  phenomenon  which  was  so  disturbing,  especially  on  the 
Frankfort-on-the-Maine  line,  could  not  have  ts^en  place.  Unfor- 
tunately wires  had  to  be  employed  in  any  condition,  and  too  sharp 
a  control  of  the  insulation  was  therefore  not  practicable.  Even  the 
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wires  at  first  rejected  on  accoant  of  imperfect  insulatioii  were 
nevertheless  used  later  to  a  great  extent,  after  they  had  received  a 
thin  covering  of  gatta  percha  solation,  and  were  thus  somewhat 
improved  for  the  moment.    Of  these  wires  about  fifteen  miles  were 
used,  partly   on  the  Thuringian  railway,  but  chiefly  between 
Berlin  and  Minden.    A  considerable  number  of  these  were  unfor- 
tunately nsedy  successively  at  much  later  intervals  of  time,  and  in 
this  way  the  original  imperfection  of  the  wire  manufactured  was 
carried  over  to  many  of  the  later  laid  lines.    The  cause  of  the 
bad  insulation  of  these  wires  was  not  alone  due  to  the  eccentric 
position  of  the  conductor.    The  cause  was  frequently  the  decom- 
position of  the  good  gutta  percha  used  through  too  great  heating, 
or  through  imperfect  drying  before  vulcanization,  but  partly  also 
the  use  of  gutta  percha  previously  spoiled  or  adulterated.     As 
regards  the  influence  of  the  depth  at  which  the  wires  were  laid, 
there  existed  as  yet  no  guiding  experience  ;  it  was  well  known  that 
gutta  percha  only  remained  completely  unaltered  when  the  air  was 
kept  out,  and  then  when  exposed  to  air  it  was  changed  by  degrees 
into  a  porous,  and  in  warm  positions  into  a  viscous  body,  but  it 
was  not  known  to  what  depth  a  change  of  air  takes  place  in  the 
body  of  the  earth,  and  it  was  sought  to  reduce  the  cost  of  the 
laying  too  much  by  reducing  as  much  as  possible  the  depth  at  which 
the  wire  was  laid.    The  depth  of  1^  foot  first  chosen  was,  however, 
too  small,  for  this  depth,  as  experience  shows,  is  often  reached  by 
labourers  on  the  railway,  and  the  v.'ire  in  consequence  is  easily 
injured.    It  was  then  soon  changed  to  a  depth  of  2  feet,  yet 
this  depth  was  often  not  reached,  and  there  are  many  stretches, 
especially  on  the  line  to  Aix,  where  the  line  lies  hardly  a  foot 
below  the  ground.    This  line  was  partly  laid  in  winter  during 
hard  frost,  and  the  stretches  between  Potsdam  and  Brandenburg, 
and  between  Minden  and  Cologne  in  particular,  were  laid  in  the 
greatest  huny,  which  explains  the  departure  from  the  specification. 
The  laying  of  the  wires  in  the  trenches  on  the  older  lines  was 
not  effected  without  frequent  injuries  to  the  covering.    Besides, 
the  wires  were  faultily  packed,  and  they  were  thus  fi'equently 
injured  in  transport  to  the  place  where  used  ;  the  workmen  had 
not  gained  any  practice  nor  sufiicient  caution  in  handling  them  ; 
the  bad  season  rendered  the  work  and  inspection  more  difiicult, 
and  in  consequence  of  the  political  agitation  then  taking  place, 
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many  premeditated  injuries  were  done.  Under  these  circum- 
stances, it  was  explicable  that  the  service  of  the  original  lines  was 
not  Tery  regular  and  sure  at  first.  The  insulation  of  the  lines  was 
satisfactory,  as  a  rule,  shortly  after  the  laying  of  the  line,  but  got 
bad  by  degrees,  when  the  rain  had  soaked  through  the  ground  to 
the  wire.  The  workmen  entrusted  during  the  laying  with  the 
search  for  existing  faults,  and  the  repair  of  the  wires,  had  to  be 
employed  on  the  further  work,  and  the  inspection  was  therefore 
entrusted  in  bad  weather  to  inexperienced  persons,  so  that  the 
lines  were  thus  frequently  further  injured.  The  underground  lines 
moi*eoyer  presented  many  scientifically  quite  new  and  unexpected 
phenomena,  which  were  only  overcome  by  corresponding  altera^ 
tions  in  the  construction  of  the  apparatus  after  their  existence  bad 
been  perceived. 

Frequent  disturbance  of  the  service  and  complete  interruption 
of  telegraphic  communication  occurred  later  with  the  lines.  The 
injuries  to  the  wires  caused  during  the  laying  increased  gradually 
owing  to  the  current,  and  the  insulation  thus  became  worse  and 
worse.  A  thorough  inspection  by  competent  persons  some  time 
after  the  completion  of  the  laying,  or  in  the  following  summer, 
would  have  removed  these  injuries  once  for  all.  But  besides  the 
question  of  cost,  the  continuous  use  of  the  lines,  and  the  greater 
difficulty  of  inspection  of  a  single  wire,  without  stopping  the  cor- 
respondence were  against  it.  Hence,  unfortunately,  it  became  a 
practice  to  examine  a  line  only  after  the  insulation  had  become  so 
defective  that  the  apparatus  refused  to  work.  As  in  this  case,  one 
of  the  few  workmen  who  were  experienced  in  the  matter  had  to  be 
sent  from  Berlin  to  the  place  of  disturbance,  some  days  passed 
before  the  damage  was  remedied,  and  then  only  for  a  short  time 
The  line  between  Minden  and  Cologne  was  subject  in  this  way  to 
very  frequent  interruptions ;  this  line  certainly  at  first  consisted 
almost  altogether  of  new  and  better  made  wires,  nevertheless,  it 
was  laid  in  a  great  hurry  in  rocky  ground,  and  the  gutta  percha 
was  therefore  very  frequently  injured  by  blows.  The  frequent 
bendings  to  which  the  wires  were  exposed,  while  they  were  still  in 
the  factory  and  partly  in  laying,  were  often  followed  by  breakage 
of  the  wire  inside  the  gutta  percha,  without  these  fractures  being 
noticeable  from  outside.  If  the  covering  had  consisted  of  un- 
vulcanized  gutta  percha,  only  in  a  few  cases  would  a  current  have 
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passed  thicngh  the  fracbured  places,  and  they  would  have  been 
easilj  obserTed  during  laying,  and  removed.  As  already  above 
stated,  especially  the  wires  first  manufactured  at  a  high  tem- 
perature, were  always  surrounded  with  a  conducting  covering  of 
gutta  percha  and  copper  sulphide ;  these  wires  carried  the  electric 
current  sufficiently  well  to  be  able  to  telegraph  through  them. 
Owing  to  the  great  resistance  which  this  material  opposed  to  the 
current,  it  became  heated  in  use,  and  thus  still  further  reduced 
the  conductivity  of  the  wire.  The  strength  of  the  current  was 
therefore  subjected  to  constant  and  very  considerable  fluctuations, 
and  the  action  of  the  instruments  was  consequently  very  irregular. 
Such  broken  places  were  often  only  observed  and  repaired  after 
the  lapse  of  some  considerable  time. 

With  the  lines  first  laid  in  which  the  wire  was  not  laid  at  a 
sufficient  depth,  new  injuries  frequently  occurred.  They  consisted 
partly  of  injuries  to  the  covering  of  the  wires,  or  in  their  complete 
destruction  by  the  men  engaged  on  the  railway,  but  partly  also  of 
iujnry  to  the  covering  by  rodents.  The  last  kind  of  injury  has 
iu  particular  given  rise  to  numerous  attacks  on  underground  lines. 
Moles,  rats,  mice  and  such  like  animals  burrow  the  ground  as 
a  rule  only  at  a  slight  depth,  because  at  a  greater  depth  they 
can  get  no  food.  It  has  nevertheless  become  apparent  that  the 
depth  of  \\  foot,  and  in  some  cases  the  depth  of  2  feet,  did 
not  in  every  case  secure  the  wires  against  gnawing.  The  animals 
appear  usually  to  make  their  neshs  at  greater  depths.  If  while 
thus  occapied  they  find  the  wire  in  their  way,  they  generally  seek  to 
remove  it  by  gnawing.  The  very  few  cases  in  which  wires  at 
two  feet  have  been  injured  by  gnawing  would  have  been  easily 
and  entirely  obviated  by  a  slight  increase  of  the  depth  of  laying, 
and  by  due  regard  for  and  security  of  the  places  damaged  from 
various  causes,  as  was  always  the  case  here.  Most  of  the  telegraph 
lines  laid  at  a  depth  of  2  feet  have  not  been  injured  since 
laying. 

Another  cause  of  numerous  disturbances  of  the  service  on  the 
old  lines  consisted  in  such  faults  as  were  made  in  manufacture  of 
the  wire,  which  only  made  their  disturbing  influence  felt  after  a 
certain  time. 

The  necessary  consequence  of  the  very  eccentric  position  of  the 
conductor  when  vulcanized  gutta  percha  is  used  has  already  been 
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mentioned.  These  phenomena  already  occurred  in  the  previons 
year  on  the  older  lines  and  consequently  quite  recently  frequent 
repairs  had  to  be  made,  and  often  whole  cores  were  replaced  which 
were  spoilt  by  the  eccentricity  of  the  wires,  and  had  slits  in  their 
length.  In  those  wires  a  hardening  or  other  alteration  in  the 
gutta  percha  was  observed  only  in  rare  cases,  and  generally  only 
when  the  wires  lay  at  a  very  slight  depth  and  in  light  dry  ground. 
These  rents  were  only  to  be  found  in  those  places  where  the 
eccentricity  of  the  wire  was  so  considerable  that  the  layer  of  con- 
ducting gutta  percha  referred  to  lying  next  to  the  copper  wire 
actually  reached  the  surface  of  the  covering.  Less  eccentric  places 
remained  quite  good. 

Already  in  previous  years  at  several  places  and  especially  on  the 
line  to  Mindcn,  it  happened  that  there  were  wires  in  which  the 
gutta  percha  had  lost  all  its  flexibility  and  elasticity,  was  traversed 
by  numerous  cracks,  and  in  consequence  had  lost  its  insulating 
property  to  a  great  extent.  This  phenomenon  is,  however,  that 
which  most  properly  calls  forth  the  closest  consideration  with 
respect  to  the  use  of  gutta  percha  for  underground  lines.  If  a 
special  reason  for  the  decomposition  cannot  be  deduced  from  the 
circumstances  attending  the  phenomena,  if  it  must  be  assumed  that 
gutta  percha  is  not  durable  for  any  length  of  time  when  in  the 
ground  in  the  same  way  as  when  in  the  air,  and  that  a  complete 
although  slow  change  occurs,  a  death  blow  would  naturally  be  given 
to  the  use  of  gutta  percha  for  underground  lines,  and  for  the  time 
at  least  also  to  underground  conductors.  Fortunately  the  con- 
clusion that  this  is  not  the  case  can  be  easily  and  clearly  proved  by 
means  of  the  experience  gained.  This  phenomenon  of  the  harden- 
ing and  complete  change  of  the  gutta  percha  on  both  the  older 
lines  in  the  year  following  their  laying  was  already  observed  in 
certain  instances,  whilst  on  the  lines  partly  laid  in  the  same  year 
and  a  little  later  hardly  any  similar  case  has  occurred  up  to  now. 
Certainly  in  some  special  cases  wires  have  become  unserviceable 
through  eccentricity  on  the  new  lines  mentioned,  but  it  has  almost 
always  beeq  proved,  as  regards  these,  that  they  belonged  to  an 
earlier  period  of  manufacture  ;  hitherto  no  case  has  ever  occurred 
of  a  general  hardening  or  toughening  of  the  gutta  percha.  Most 
frequently  the  phenomenon  in  question  has  taken  place  on  the 
line  between  Berlin  and  Minden,  and  in  some  cases  also  on  the 
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Thmingiaii  railway.  The  damaged  wires  still  bear  as  a  rale  oon- 
ddeiable  traces  of  haviDg  been  covered  with  gutta  percha  solution, 
althoagh  others  also  exist  which  were  laid  without  such  covering. 
The  wires  covered  with  guttapercha  solution,  as  already  mentioned, 
were  rejected  partly  on  account  of  their  being  made  eccentricaUy; 
with  many  of  them,  however,  the  gutta  percha  was  itself  spoiled 
partly  before  use,  partly  through  injudicious  manipulation  during 
manufacture.  Gutta  percha  of  that  kind  becomes  in  a  very  short 
time  porous  and  brittle  throughout,  and  this  change  takes  place  it 
appears  even  with  complete  absence  of  air. 

The  greatest  part  of  the  wires  mentioned,  besides  many  others 
which  resisted  the  slight  test  of  insulation  then  used,  were  made 
from  gutta  percha  imported  .from  England  in  an  already  purified 
condition.  Even  at  that  time  it  appeared  probable  that  this 
gutta  percha,  which  but  seldom  furnished  perfectly  insulated  wires, 
consisted  in  great  measure  of  hardened  or  wilfully  adulterated 
material.  But  as  this  material  so  constituted  was  the  only  gutta 
percha  in  the  market,  and  wires  under  any  circumstances  had  to 
be  prepared  and  used,  it  nevertheless  had  to  be  employed.  In  any 
case  it  certainly  follows  that  the  decomposition  of  the  guttapercha 
which  was  observed  is  not  due  to  the  effects  of  time  and  position 
of  the  wires,  but  is  due  to  the  material  of  which  the  covering  con- 
sists. Certainly  although  it  appears  in  general  that  where  the 
wire  lies  at  a  slight  depth,  and  in  light  and  dry  ground,  the 
phenomenon  in  question  first  takes  place,  yet  there  are  always  found 
near  such  altered  wires  others  in  thoroughly  good  condition  under 
exactly  the  same  conditions,  on  which  time  has  left  no  traces  ;  on 
the  other  hand  older  lines  are  found  here  and  there  where  the  wire, 
deeply  laid  and  in  heavy  ground,  is  already  in  quite  an  advanced 
state  of  change,  whilst  close  by  under  exactly  the  same  conditions 
the  wires  are  not  to  be  distinguished  from  those  newly  manufac* 
tared.  Hence  it  is  only  the  material  and  not  external  circum* 
stances  which  is  the  cause  of  the  disturbing  phenomenon. 

From  what  has  been  said  it  follows  that  the  bad  results  which  have 
attended  the  first  underground  lines  are  only  consequences  of 
faults  due  to  their  instaUation,  which  result  partly  from  the  hurry 
due  to  the  circumstances  of  the  time,  partly  from  the  absolute 
want  of  experience  regarding  the  properties  of  the  material  used, 
and  insufficient  care  in  its  selection  and  manufacture.    That  the 
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first  experiences  in  the  use  of  a  material  up  to  then  so  little  known 
for  a  perfectly  new  purpose  and  presenting  so  many  difficalties, 
should  not  have  been  quite  successful,  may  pretty  certainly  be 
expected.  In  such  circumstances,  experience  must  be  first  accnmn- 
lated  and  paid  for. 

The  time  has  now  arrived  when  one  can  build  further  on  the 
basis  of  experience  actually  gained,  and  when  one  is  in  the  position 
to  form  a  definite  well-grounded  opinion  as  to  whether  the  new 
road  will  lead  to  the  desired  goal,  or  whether  it  is  to  be  considered 
as  having  &iled  and  is  to  be  quite  abandoned. 

The  following  are  the  questions  on  the  answering  of  which  this 
decision  can  alone  depend  : 

1.  Does  good,  unadulterated  and  unspoilt  gutta  percha  remain 
unchanged  in  the  ground  or  does  it  undergo  a  slow  change  ? 

It  has  already  been  mentioned  above,  that  by  far  the  greatest 
number  of  wires  of  the  two  older  lines  have  hitherto  remained 
entirely  unchanged  notwithstanding  the  unsatis&ctory  conditions 
in  connection  with  them.  There  is  not  the  slightest  sign  of  anj 
alteration  having  occurred  to  be  observed  amongst  them. 

But  the  experiments  extend  back  over  still  another  year.  The 
tost  line  laid  on  the  Anhalt  railway  consists  of  non-vulcanized 
gatta  percha.  One  of  these  wires  is  covered  with  good  gutta  percha 
thoroughly  freed  from  water  and  laid  at  a  depth  of  \\  foot,  the 
other  with  partly  bad  material  and  only  imperfectly  freed  from 
water,  and  laid  only  |  foot  deep  in  sandy  soil. 

The  whole  of  the  first-mentioned  wire  has  kept  in  such  perfect 
condition  that  it  is  impossible  to  distinguish  the  gutta  percha  from 
that  quite  newly  prepared.  The  second  shows  symptoms  of 
hardening  only  where  bad  material  is  employed.  The  resinous 
coating  which  was  given  to  these  wires,  when  they  were  laid,  in 
addition  to  the  gutta  percha,  has  been  partly  dissolved,  partly 
decomposed,  whilst  the  outer  surface  of  the  gutta  percha  has 
remained  quite  clean  and  unaltered.  In  the  wires  of  the  newer 
State  and  railway  telegraphs  there  has  nowhere  been  any  trace  of 
a  change  in  the  gutta  percha. 

It    hence  follows  with   certainty  that   the   gutta    percha  if 
unadulterated,  and  not  spoiled  before  or  during  manufacture 
remains  unaltered  when  placed  at  a  sufficient  depth  in  the  ground 
«tnd  is  hence  quite  fit  for  underground  conductors. 
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2.  Has  the  technical  knowledge  of  wire  manufacture  and  the 
knowledge  of  the  material  sufficiently  advanced,  that  now  only 
such  wires  are  used  as  do  not  contain  in  themselves  the  cause  of 
speedy  decay? 

The  experience  already  gained  with  the  newer  tel^raph  lines 
answer  this  question  in  the  affirmative.  The  lines  laid  in  the 
spring  of  1849  from  Berlin  to  Hamburg  and  Stettin,  from  Breslau 
to  Oderberg,  and  from  Cologne  to  Aix-la-Chapelle,  as  well  as  the 
railway  telegraph  lines  laid  with  underground  conductors,  have 
remained  almost  uninterruptedly  in  good  order.  These  lines 
since  being  laid  down  have  not  once  required  a  thorough  over- 
hanl.  A  few  stoppages  of  the  service  were  occasioned  by  serious 
injones  during  laying  which  could  not  be  obviated,  and  by  rail- 
way constructions,  and  were  quickly  put  an  end  to ;  others  were 
caosed  by  the  operators  being  too  little  acquainted  with  tho 
apparatus  entrusted  to  them,  and  by  the  latter  not  being  main- 
tained in  good  condition.  So  far  it  has  not  been  proved  in 
any  case,  that  on  these  newer  lines,  already  in  their  third  year  of 
existence,  any  alteration  in  the  gutta  percha  has  occurred,  or 
a  stoppage  of  the  working  in  consequence  of  bad  manufacture 
of  the  wires.  An  apparent  exception  to  this  is  the  wire  connect- 
ing the  two  railway  stations  at  Breslau,  which  has  already 
frequently  been  rendered  unworkable  through  eccentricity  of  the 
^nres;  it  can,  however,  be  shown  that  the  wires  employed  here 
belonged  to  a  much  earlier  period  of  manufacture. 

It  is,  however,  by  no  means  contended  generally  that  no 
faults  due  to  manufacture  have  occurred  on  these  newer  lines. 
A  thorough  examination  of  the  lines  will  no  doubt  yet  bring  to 
light  a  number  of  such  faults,  and  also  here  and  there  wires  which 
have  been  spoilt  by  time.  The  occurrence  of  such  faults  could 
only  be  avoided  by  a  very  strict  and  thorough  control  of  the 
nianufacture  itself,  and  of  the  material  used,  carried  out  with 
the  assistance  of  all  the  aids  of  science.  A  thorough  examina- 
tion of  the  lines  undertaken  yearly  by  which  all  existing  feults 
in  the  insulation  are  removed  will,  however,  always  be  neces- 
^  with  underground  lines.  If  these  examinations  can  be 
carried  out,  without  an  actual  disturbance  of  the  service,  without 
S'^t  expense,  and  with  complete  success,  as  is  the  case  here,  the 
conductors  fulfil  their  purpose,  and  the  art  of  manufacturing 
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\vires  must  be  considered  as  sufficiently  improved,  although  here 
and  there  defects  occur.  The  very  sensitive  instruments  now 
used  in  factories  for  testing  the  insulation  ensure  the  use  of  only 
perfectly  insulated  wires.  A  very  eccentric  position  of  the  con- 
ductor, toughened,  burned,  or  adulterated  gutta  percha  to  any 
extent,  is  almost  always  shown  up  by  imperfect  insulation.  The 
external  signs  of  this  bad  gutta  percha  are  clear  and  well  known, 
Its  use  can  therefore  be  entirely  prevented.  It  is  consequently 
now  possible  to  manufacture  only  good  wire  that  will  retain  it« 
insulation,  or  at  least  only  to  allow  of  such  being  used.  Experi- 
ence has  also  proved  that  unvulcanized  gutta  percha  is  not 
changed  in  damp  ground  as  in  sea  water  into  a  hydrate  which  by 
degrees  becomes  less  insulating.  The  facts  that  unvulcanized 
gutta  percha  is  less  hard,  and  becomes  more  rapidly  brittle  in  the 
open  air  are  certainly  disadvantages,  but  on  the  other  hand 
vulcanization  leads  to  the  use  of  bad  and  damp  material  which 
is  less  easy  of  discoveiy.  The  use  of  unvulcanized  gutta  percha 
thoroughly  freed  &om  water  is  therefore  more  advisable,  as  it 
farther  reduces  the  danger  of  the  use  of  bad  wires. 

8.  Can  underground  wires  be  sufficiently  protected  against 
external  injuries  ? 

The  depth  at  which  the  wires  are  laid  on  the  newer  lines 
referred  to  is  2  feet  on  the  average.  This  depth  appears  to 
protect  them  pretty  fiilly  against  injuries  of  all  kinds  which  may 
happen  to  them.  Yet  it  seems  to  be  more  advantageons  to 
increase  the  depth  at  which  the  wire  should  be  laid  to  8  feet 
with  new  telegraph  works  for  railways,  etc.  By  using  the  imple- 
ments employed  in  England  for  making  trenches  for  drains,  it 
has  been  made  possible  to  excavate  trenches  8  feet  deep  at  the 
same  price  as  \\  feet  formerly.  According  to  all  previous  ex- 
perience, this  depth  not  only  fully  protects  the  wires  against 
injury  arising  from  carrying  out  the  usual  railway  works,  and 
against  the  gnawing  of  animals,  but  also  against  the  entrance  of 
atmospheric  air,  and  removes  therefore  the  possibility  of  a  gradual 
hardening  of  the  gutta  percha.  In  places  where  the  wire,  owing 
to  special  circumstances,  is  liable  to  injury  of  any  kind,  or  where 
the  depth  of  2^  to  3  feet  cannot  be  reached,  it  can  easily  be  pro- 
tected by  earthenware  pipes,  or  by  iron  pipes  where  necessary. 

Naturally  what  has  been  said  is  not  to  be  understood  as  though 
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external  injuries  could  be  absolutely  prevented.  Experience 
teaches  that  railway  works  are  not  always  executed  with  sufficient 
regard  to  the  position  of  the  wires.  For  instance,  it  has  been  the 
case  that  railway  workmen  have  taken  the  trouble  to  destroy  the 
wire,  because  they  have  thought  it  to  be  a  troublesome  root. 
But  these  are  solitary  cases,  which  are  of  slight  importance  if  one 
kbeps  in  view  the  possibility  of  such  cases,  and  takes  care  to 
avoid  them  in  future  as  quickly  as  possible.  On  railway  tele- 
graph and  State  telegraph  lines,  where  both  wires  lie  in  the  same 
trench,  so  far  as  I  know  it  has  never  happened  that  such  careless 
injuries  have  remained  unobserved.  As  the  position  of  the  wires 
on  the  permanent  way  of  the  railway  and  in  the  station  is  always 
exactly  known,  and  is  indicated  by  stakes,  it  is  in  fact  very  easy 
always  to  take  the  necessary  care  when  any  unusually  deep  opera- 
tions have  to  be  carried  out. 

But  if  the  answers  to  the  different  questions  put  must  be  con- 
sidered as  favourable  to  the  further  use  of  wires  insulated  with  a 
covering  of  gutta  percha  alone,  there  are  still  many  drawbacks  in 
conductors  so  prepared.  It  will  always  be  difficult  to  remove  all 
faults  of  manufacture,  and  to  avoid  all  injuries  in  transport  and 
in  laying  the  wires,  as  well  as  in  subsequent  excavations  which 
reach  down  to  the  wires. 

If  these  injuries  can  be  removed  without  great  difficulty,  and 
as  a  ride  before  they  can  produce  disturbances,  which  is  quite 
possible^  in  the  case  of  wires  insulated  as  they  have  been  up  to 
the  present,  yet  it  must  be  conceded  that  it  is  very  desirable  to 
obviate  the  feults  connected  with  them,  and  the  value  of  under- 
ground conductors  would  be  considerably  enhanced  thereby 
This  can  be  effected  by  covering  the  insulated  wires  with  lead 
tubing,  as  has  been  recently  done.  The  gutta  percha  is  entirely 
protected  by  the  lead  envelope  against  the  entrance  both  of 
moisture  and  air.  As  the  lead  closely  surrounds  the  wire,  and 
any  space  still  existing  between  them  is  filled  with  tallow, 
moisture  caimot  spread  between  the  wire  and  the  lead  by 
capillary  attraction  even  in  cases  where  the  lead  tubing  is  injured 
in  any  manner. 

Even  assuming  the  case  that  the  gutta-percha  coating  was  not 
continuous,  and  so  only  insulated  imperfectlv,  or  that  it  consisted 
of  bad  material,  yet  the  insulation  of  the  wire  would  contiuue 
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perfect  as  long  as  the  lead  tnbiDg  was  preserved.  As  regards  the 
preservation  of  lead  in  the  ground,  old  experiments  are  in  existence. 
In  pure  sandy  and  clayey  ground,  which  contains  no  vegetable 
ingredients,  it  has  kept  good  for  hundreds,  indeed  for  thousands  of 
years.  By  the  action  of  the  oxygen  of  the  air  a  layer  of  oxide 
certainly  forms  on  the  lead  even  at  a  certain  depth  below  the 
ground,  but  this  decomposition  only  penetrates  deeper  when  <i 
simultaneous  entrance  of  carbonic  acid  makes  the  formation  of 
white  lead  possible.  If  in  laying  the  lead  tubes  reasonable  care 
is  taken  that  no  vegetable  ingredients  come  into  immediate  con- 
tact with  the  wire,  the  long  life  of  even  thin  lead  tubes  can  be 
reckoned  upon  with  certainty.  But  if  through  any  cause  the 
lead  is  anywhere  injured,  and  the  gutta  percha  laid  bare,  the 
insulation  of  the  wire  would  only  be  endangered  in  case  the  same 
influences  which  gradually  injured  the  lead  acted  in  the  same 
way  on  the  gutta  percha,  which,  considering  the  absolute  difiTerencc 
of  the  materials,  can  only  occur  in  a  few  cases  or  not  at  all.  The 
lead  covering  also  secures  the  iDsulating  g^utta-percha  coating 
from  injury  during  transport  and  in  laying ;  it  further  makes  the 
discovery  of  existing  injuries  more  easily  traceable,  and  entirely 
protects  the  gutta  percha  against  the  action  of  the  air  when  not 
laid  deeply.  The  gutta  percha,  even  when  of  bad  quality,  must 
remain  perfect  in  the  lead  pipe,  which  preserves  it  from  all  ex- 
ternal influences.  The  volatile  oil  contained  in  burnt  guttn 
dercha,  through  the  volatilization  of  which  the  mass  gets  hard 
and  brittle  even  in  the  ground,  cannot  get  away  through  the 
closely  surrounding  lead  covering,  and  remains  therefore  in  the 
gutta  percha  and  keeps  it  flexible. 

Against  the  use  of  lead  there  is,  besides  the  increase  of  cost,  a 
phenomenon  of  quite  a  different  character — viz.,  the  increase  of 
the  charging  phenomena  peculiar  to  underground  lines,  which, 
however,  is  not  so  considerable  as  was  to  be  expected  according 
to  the  experiments  already  made  on  the  telegraph  line  connecting 
the  fire  and  police  stations  in  the  town  of  Berlin,  which  is  about 
seven  miles  long,  and  in  which  wires  covered  with  lead  were  used 
throughout,  and  it  can  be  made  harmless  by  the  choice  and 
arrangement  of  the  telegraph  apparatus.  The  increase  of  cost 
due  to  encasing  the  insulated  wires  in  lead  is  not  so  considerable 
as  appears  at  first  sight.    As  the  insulating  covering  is  protected 
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against  all  external  inflaences,  it  can  without  danger  be  made 
coasiderably  lighter.  The  saving  in  gutta  percha  then  makes  np 
for  the  greatest  part  of  the  cost  of  the  lead  covering  ;  besides,  the 
higher  amount  of  insulation  to  be  got  with  lead  tubes  allows  of 
the  use  of  thinner  wires  for  long  lines. 

Prom  what  has  been  said,  it  will  be  allowed  by  any  unprejndiced 
critic  that  the  first  underground  lines  laid  in  Prussia  were  laid 
under  such  unfavourable  circumstances*  that  the  experience 
gained  from  them  can  only  be  used  with  great  caution  in  review- 
ing the  Talue  of  the  system  of  underground  lines.  The  bad 
manufacture  of  the  wires  used  for  the  purpose,  the  partial  use 
of  bad  sorts  of  gutta  percha,  the  slight  depth  at  which  the  wires 
were  laid,  the  laying  of  the  wires  in  a  great  hurry  at  an  un- 
favourable season  and  with  inexperienced  people,  have  exposed 
them  to  too  many  sources  of  disturbing  influence  and  rapid  decay. 
A  more  exact  consideration  of  the  results  of  the  older  lines, 
and  the  experience  gained  with  the  conductors  more  lately  laid, 
are,  on  the  contrary,  altogether  favourable  to  underground  lines  if 
due  account  be  taken  of  the  faults  at  present  avoidable,  which 
were  made  in  the  latter,  for  the  most  part  from  want  of  ex- 
perience. With  all  the  newly-laid  underground  conductors,  and 
with  those  that  were  laid  immediately  after  the  two  first  men- 
tioned, no  alteration  in  the  gutta  percha  has  been  observed, 
although  the  depth  of  laying  was  still  too  small.  Faults  in  con- 
straction,  rendering  an  overhauling  of  the  conductor  necessary, 
have  but  seldom  occurred.  Very  few  injuries  have  occurred 
during  the  laying  of  the  wires,  and  later  external  injuries  have 
but  seldom  taken  place.  If  the  inspection  of  the  underground 
State  telegraph  lines  had  been  already  properly  organized,  if  there 
had  been  a  regular  and  thorough  yearly  revision,  and  a  constant 
exact  control  of  the  insulation  of  the  lines,  if  not  all,  but  a  great 
number  of  the  telegraph  employes  had  been  made  intimate  with 
the  simple  manipulations  for  detecting  and  repairing  bad  injuries. 
the  disturbances  or  interruptions  which  have  only  seldom  occurred 
in  the  service  of  these  lines  would  have  been  removed  in  a  very 
short  time,  and  the  cost  of  maintenance  of  these  lines  would 
have  been  very  small.  As  it  must  also  be  admitted  that  overhead 
lines  have  many  undoubted  superiorities  over  underground  ones, 
and  always  will  have,  yet  these  advantages  and  the  actual  dis- 
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advantages  of  underground  lines  known  to  exist  must  not  lead  to 
a  partial  judgment.  The  balance  between  the  advantages  and  dis- 
advantages of  the  two  systems  of  lines  must  decide.  This  may 
be  set  out  in  some  such  way  as  follows : — 

The  advantages  of  overhead  over  underground  lines  conBist 
mainly  in  that  the  former  are  more  easily  inspected  and  repaired, 
since  they  are  always  visible  ;  that  up  to  a  certain  limit  an  increase 
of  the  wires,  when  occasion  requires,  can  be  effected  at  less  cost ;  and 
that  the  cost  of  erection  is  in  general  less  than  with  underground 
lines.    There  are,  however,  a  great  many  disadvantages  opposed 
to  these  advantages ;  overhead  lines  are  much  more  liable  than 
underground  to  malicious  and  accidental  destruction.    Although 
the  damages  are  more  eaaily  and  quickly  repaii^d,  and  the  stop- 
pages of  the  service  therefore  shorter,  they  occur  on  that  account 
all  the  more  frequently,  and  it  is  only  by  the  use  of  very  solidly 
constructed  overhead  lines  that  the  same  safety  of  service  can  be 
attained  as  with  the  hitherto  existing  underground  ones.     If 
copper  wire  and  light  poles  are  used  for  overhead  hues,  as  was 
formerly  most  frequently  the  case  in  Germany,  very  perfect 
insulation  can  certainly  be  obtained  with  them,  and  the  erection 
is  certainly  considerably  cheaper  than  with  underground   lines. 
The  wire,  however,  as  experience  has  shown,  is  very  apt  to  be 
stolen;   it  stretches  by  degrees,  and  hence  easily  comes  into 
contact  with  other  wires  suspended  from  the  same  posts  ;   it 
becomes  brittle  after  six  or  eight  years'  use,  and  must  then  be 
renewed;  the  posts  decay  and  are  then  easily  blown  down  by 
storms,  and  thus  endanger  the  safety  of  the  railway  service. 
More  satisfactory  results  are  obtained  with  the  use  of  iron  wii-e 
for  overhead  lines,  when  heavily  and  well  galvanized.    Thin  iron 
wire  is  easily  destroyed  by  rust,  and  has  too  low  a  conductivity 
for  long  lines.    The  galvanizing  of  iron  wires  is  only  of  use  in 
cases  where  the  zinc  is  actually  melted  together  with  the  iron 
when  the  two  metals  are  in  contact,  and  in  consequence  does  not 
crack  off  or  become  split  when  the  wire  is  bent.    The  operation 
by  which  this  is  effected  appeai-s  hitherto,  notwithstanding  the 
pubUcity  of  the  description  of  the  patented  process,  to  have  been 
the  secret  of  a  few  English  factories,  which  supply  their  manu- 
factures at  a  very  high  price.     Ungalvanized  or  badly  galvanized 
wires,  even  when  thick,  rust,  especially  at  their  points  of  suspen- 
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Bion  ;  the  wires  break  very  easily  on  this  account  at  these  points. 
Thick  iron  wires  must,  of  conrse,  be  tightly  stretched,  so  as  not  to 
come  into  contact  with  others,  and  therefore  necessitate  the  use 
of  strong  posts  and  special  stretching  arrangements,  in  which 
way  the  erection  is  rendered  much  more  expensive.    As  is  learnt 
especially  from  experience  in  England,  where,  as  a  rule,  a  larger 
number  of  wires  is  suspended  on  the  same  posts,  a  constant  very 
careM  examination  of  the  wires  must  be  carried  out,  they  must 
be  frequently  tightened  up,  and  on  the  arrival  of    frost   be 
slackened  again,  as  otherwise  the  wires  touch  one  another  or 
get  broken.    This,  as  a  rule,  renders  all  the  wii'es  for  the  moment 
unavailable,  as  the  ends  of  those  that  are  broken  come  into  con- 
tact with  the  others.    Even  iron  wires  become  brittle  at  the  end 
of  eight  or  ten  years,  and  many  English  lines  have  had  to  be 
renewed  on  this  account,  whilst  even  with  the  mild  winter  of  that 
country,  and  notwithstanding  every  precaution,  the  wires  have 
been  frequently  fractured.    It  has  not  hitherto  been  possible  to 
insulate  the  stretching  arrangements  completely  from  one  another 
and  from  the  ground.     With  a  &11  of  snow  or  rain,  and  even  in 
very  misty  weather,  very  frequent  disturbances  take  place  in  Eng- 
land, and  hence  one  is  only  able  in  such  cases  to  make  use  of  one 
or  at  best  a  pair  of  all  the  existing  wires. 

Owing  to  the  close  connection  which  exists  between  the  English 
telegraph  company  and  the  railways,  the  necessary  inspection  of 
the  wire  is  carried  out  by  the  railway  employ^  at  no  great  cost 
to  the  company.  It  is  at  least  questionable  whether  this  would 
be  always  everywhere  the  case  with  the  Prussian  State  telegraphs 
in  their  own  and  foreign  lands. 

All  the  &ults  of  overhead  lines  that  have  been  described  would 
certainly,  however,  not  decide  the  question  in  favour  of  under- 
ground lines  if  electrical  disturbances  did  not  always  make  the 
use  of  long  overhead  lines  unsafe.  The  better  overhead  lines  are 
insulated,  the  more,  therefore,  the  source  of  disturbances  due  to 
bad  insulation  has  been  prevented,  the  more  frequent  and  powerful 
are  the  electrical  disturbances.  In  this  case,  from  experience 
on  short  lines,  conclusions  cannot  be  drawn  for  long  lines.  The 
leakages  which  frequently  occur  to  a  large  extent  with  under- 
ground lines,  in  consequence  of  imperfect  insulation,  have  always 
a  constcmt  character,  and  can  hence  be  rendered  harmless  to  a 
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grea!i  extent  by  a  proper  arrangement  of  the  instruments.     The 
currents  produced  in  overhead  lines  by  atmospheric  electricity  are, 
on  the  contrary,  always  variable,  and  hence  make  the  use  of  the 
instrument  uncertain  even  if  they  are  very  weak.    On  the  long 
overhead  lines  in  America  the  relay  of  the  Morse  telegraph  can 
but  seldom  be  used,  for  only  by  means  of  colossal  batteries  can 
the  constant  bother  of  atmospheric  electricity  be  rendered  harm- 
less within  certain  limits.    Further,  there  is  also  the  danger  which 
cannot  be  overcome  with  overhead  lines,  that  flashes  of  lightning 
may  destroy  the  wires  and  posts  over  long  stretches,  and  endanger 
the  employ^  and  instruments.    By  means  of  suitable  lightning 
conductors,  the  station  offices  and  the  apparatus  contained   in 
them  may  be  protected  to  a  certain  extent,  but  not  the  signal 
cabins  of  the  railways,  in  which  gongs  are  placed,  which  are  set 
in  action  by  means  of  the  electric  current.    It  has  often  happened 
on  the  PiniBsian  railways  with  overhead  lines,  that  railway  servants 
have  been  deafened  and  even  struck  dead  by  lightning.    The  signal- 
men, therefore,  leave  their  cabins  when  thunderstorms  come,  and 
prefer  to  expose  themselves  to  the  bad  weather  in  order  to  escape 
from  threatened  danger  to  life. 

On  underground  lines  only  actual  thunderstorms  and  flashes  of 
lightning  exert  a  slightly  disturbing  eifect  on  the  service  of  the 
apparatus.  Even  with  the  at  present  imperfect  underground  in- 
stallations a  sudden  total  disturbance  of  the  line  occurred  very 
seldom,  and  could  be  put  right  in  a  very  short  time  by  means  of 
a  properly  organized  inspection.  The  causes  of  disturbances 
which  have  arisen  have  consisted  for  the  most  part  in  injuries 
that  have  happened  from  some  causes  or  other  to  the  external 
covering  of  the  wires,  being  followed  by  a  gradual  deterioration  of 
the  insulation  and  finally  by  the  complete  corrosion  of  the  copper 
wires.  It  is,  however,  again  a  question  of  good  management,  not 
to  allow  the  insulation  to  be  spoilt,  but  to  remedy  defects  as  they 
occur  before  they  can  exert  a  harmful  eflTect  on  the  safety  of  the 
service. 

Owing  to  a  great  drawback  which  occurred  with  the  Prussian 
telegraph  installations,  viz.,  the  provision  of  a  single  wire  for  the 
whole  of  the  communications,  this  was  certainly  rendered  more 
difficult.  The  overhauhng  of  single  underground  conductors 
could  certainly  be  carried  out  without  absolutely  disturbing  the 
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service  of  the  apparatus,  yet  every  intemiption  which  takes  place 
is  followed  by  a  cessation  of  the  whole  of  the  correspondence, 
whilst  in  other  countries  one  line  can  be  used  until  the  damaged 
second  one  be  repaired.  The  overhaaling  of  underground  con- 
ductors is  in  itself  immensely  more  diifioult  when  only  one 
wire  exists,  even  setting  aside  its  simultaneous  disturbing  use. 
It  is  difiScult  with  one  wire  to  determine  an  existing  injury  by 
means  of  measurements  of  current  and  calculations,  and  especially 
because  the  measurements  must  be  made  simultaneously  at  both 
ends  of  the  wire.  If,  however,  two  or  more  wires  exist,  the  position 
of  one  or  several  injuries  can  generally  be  determined  with  the 
greatest  accuracy  by  a  simple  measurement  of  resistance  made 
in  the  telegraph  oiHce,  whereby  the  repairs  are  naturally  extra- 
ordinarily simplified. 

The  cost  of  laying  underground  lines  wiU  always  be  higher 
than  that  of  overhead  ;  whether,  on  the  other  hand,  the  cost  of 
maintenance  of  well-laid  underground  lines  with  carefully 
organized  inspection  is  greater  is  at  least  still  questionable.  But, 
even  assuming  that  it  were  greater,  neither  the  interest  on  capital 
account  nor  the  cost  of  maintenance  of  the  conductors  form  the 
factors  determining  the  profitableness  of  telegraph  lines.  The 
charges  of  the  general  management  and  the  cost  of  the  skilled 
employes  are,  specially  in  the  Prussian  State  telegraph  lines, 
incomparably  the  most  considerable.  The  cause  of  this  is  partly 
that,  for  reasons  which  do  not  belong  to  the  discussion,  a  number 
of  stations,  entirely  unimportant  for  telegraphic  correspondence, 
had  to  be  included  on  the  single  existing  wire,  in  which  way  the 
service  was  rendered  considerably  more  heavy,  and  an  exceedingly 
large  number  of  employes  were  necessary  as  compared  with  foreign 
telegraph  lines ;  further,  that  the  conditions  of  the  country  rendered 
it  necessary  that  only  time-expired  military  men  could  be  employed 
aB  telegraph  servants,  whilst  in  other  countries  young  people,  often, 
indeed,  boys,  perform  the  service  and  are  almost  overworked  by  their 
oocapation.  In  Prussia  one  has  consequently  chosen,  as  regards 
the  service  performed,  a  more  costly  system,  but  one  giving  a 
greater  guarantee  of  safety.  The  greater  expense  thus  incurred 
can  only  be  outweighed  by  greater  certainty  of  the  service  of  the 
telegraph  lines,  if  causes  of  regular  disturbance  exist  not  lying 
outside  the  reach  of  the  employ^.    If  the  conviction  has  thus 
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been  gained,  that  with  good  underground  lines,  laid  by  applying 
the  experience  and  progress  hitherto  attained,  a  greater  security 
may  be  attained  as  regards  the  service  of  the  line,  the  greater  cost 
of  laying  cannot  be  brought  as  sufficient  reason  for  the  rejection 
of  a  system  producing  better  results.     In  every  respect  electric 
telegraphy  is  in  the  infancy  of  its  development.    It  can  only  rise 
above  this  condition  and  attain  the  position  due  to  it  as  a  mighty 
lever  of  State  mechanism  and  of  public  intercourse  if  its  fitness 
for  service  and  the  certainty  of  its  communications  can  always  be 
reckoned  on,  and  safe  and  quick  satisfaction  is  given  to  every 
claim,  with  moderate  charges.    Up  to  the  present  time  it  haa 
never  reached  this  height,  and  it  can  only  do  it  with  the  help 
of  a  comprehensive  system  of  good  underground  conductors. 
Already  with  the  present  development  of  telegraphy  in  England, 
where  the  railway,  as  a  rule,  has  only  two  to  four  wires  for  its 
use,  and  the  telegraph  company  a  pair  for  its  correspondence  to 
the  most  important  parts  of  the  country,  and  a  pair  for  through 
transmission  to  the  terminal  stations,  there  is  such  a  complication 
of  wires,  especially  at  those  points  where  two  or  more  lines  unite 
or  cross  for  a  short  distance,  and  mutual  disturbances  occur  so 
easily,  that  it  may  be  asserted  with  certainty,  that  such  a  con- 
siderable increase  of  the  wires  as  would  be  necessary  with   a 
general  use  of  the  telegraph  is  not  possible  without  occasioning 
great  trouble  and  uncertainty.    The  same  argument,  which  is  in 
favour  of  a  system  of  overhead  lines  for  electric  telegraphy,  still  in- 
its  infancy,  would,  on  further  extension,  certainly  be  opposed  to  it. 
With  underground  wires,  indeed,  it  is  necessary,  in  order  to  avoid 
the  addition  of  a  line  which  would  soon  be  required  to  do  the 
work  on  a  larger  scale,  and  to  lay  at  least  one  wire  more  than  at 
the  moment  appears  to  be  necessary.    Enough  land  must  also  be 
taken  along  the  road  which  the  wires  traverse  in  view  of  the 
subsequent  work.    It  is,  besides,  not  so  difficult  and  costly  as 
appears  at  first  sight  to  take  up  the  wires  already  laid  and  to  put 
them  back  at  the  same  time  as  the  additional  ones  after  an  exact 
test  has  been  applied  to  them  on  the  spot,  and  any  earlier  injuries 
or  any  arising  from  the  work  are  put  right.     The  disturbance 
of  the  service  by  this  work  may  easily  be  prevented  without  any 
considerable  cost  by  the  use  of  a  temporary  overhead  conductor, 
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which  is  Qsed  as  long  as  the  work  lasts  and  may  be  removed  when 
it  is  completed. 

The  object  of  this  paper  has  been  to  show  that  the  unfavoarable 
results  which  have  been  experienced  with  the  first  laid  underground 
wires  in  Prassia  are  not  a  consequence  of  the  system  employed^ 
but  are  mostly  due  to  faults  in  the  laying  and  in  the  administra- 
tion ailerwards  owing  to  want  of  experience  and  unfavourable 
circumstances. 

These  faults  are  mostly  avoided  in  the  later  layings,  and  may  be 
completely  removed  by  a  right  use  of  the  experience  gained  and 
the  progress  of  technical  science.  But  it  is  to  be  regretted  that 
through  these  unsatisfactory  results  a  very  general  and  unfounded 
prejudice  has  arisen  against  the  system  of  underground  con- 
ductors. Their  real  value  can  only  be  decided  by  an  exact 
comparative  analysis  of  previous  results  carried  out  by  scientific 
men  acquainted  with  the  subject.  It  would,  therefore,  now  be 
highly  important  and  practically  advantageous  if  the  Government 
would  again  act  as  it  has  previously  done,  and  would  obtain  the 
opiuion  of  a  scientific  commission  on  the  results  ahready  obtained 
and  the  measures  to  be  made  use  of,  as  well  as  on  those  organic 
arrangements  of  administration  which  are  necessary  for  the 
regular  maintenance  of  the  service  of  the  lines  and  of  the  whole 
establishment. 


APPLICATION    FOR  A   PATEISTT   FOR   AN   IMPROVE- 
MENT IN  THE  CONSTRUCTION  OF  RELAYS.* 

In  the  use  of  relays  for  telegraphic  purposes  it  has  become 
apparent  that,  when  speaking  over  greater  distances,  the  armature 
must  be  further  removed  from  the  magnet  than  when  speaking 
o?er  shorter  distances,  but  the  play  of  the  contact  must  be  smaller. 
In  order  to  effect  the  necessary  alteration  of  the  position  of  the 
armature  easily  and  certainly  in  the  case  of  telegraphs  which  are 
alternately  used  to  signal  to  near  and  distant  stations,  which  was 
formerly  a  lengthy  and  uncertain  business,  the  following  arrange- 
ments have  been  made  : — 

•  7th  February,  1852. 
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In  Fig.  38,  A  is  the  magnet  of  the  relay,  C  a  lever  movable 
about  D,  which  carries  the  armature  at  B,  and  makes  contact  at 
Q,  placed  in  the  recess  of  the  piece  L.  The  piece  L  is  pi-ovided 
with  two  similar  little  plates  N  ;  of  these  only  the  one,  which 
carries  the  index,  is  seen  in  the  drawing.  These  little  plates 
secure  the  piece  L  against  lateral  motion. 

L  is  guided  vertically  by  means  of  the  cylindrical  neck  of  the 

Fig.  38. 


screw  H,  which  has  a  fine  thread  at  J,  so  as  to  set  the  play  of  the 
contact  once  for  all,  and  is  fixed  by  means  of  the  screw  K, 

The  screw  E  has  a  neck  above  the  insulating  stop,  which  has  its 
bearing  in  the  piece  L,  and  by  turning  the  screw  E  the  piece  \i 
rises  or  sinks,  and  so  determines  the  distance  of  the  armature. 

The  distance  once  fixed  can  be  found  again  with  great  precision 
by  reading  the  scale  0,  which  corresponds  to  whole  rotations  of  the 
screw,  and  by  the  divided  head  F  connected  with  the  screw  E, 
which  is  divided  into  5ths  of  a  revolution.  The  position  of  the 
piece  L  is  further  secured  by  the  clamping  screws  G  6. 
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THE  AUTOMATIC  TELEGRAPH   SYSTEM   FOR   THE 
RUSSIAN  STATE  TELEGRAPHS.* 

The  BTBt«m  of  apparatus  shown  in  Figs.  S0^2  was  conatnicted 
for  antomatic  rapid  telejrraphv  for  the  State  telec^ph  lines  bailt  by 
the  firm  of  SiemeDS  and  Halske  in  Russia  in  the  years  1853-55- 
The  first  line  provided  with  such  apparatus  was  that  from  Warsaw 
to  St.  Petersburg,  with  an  automatic  relay  station  at  Diinaburg. 

Fig.  39  shows  the  three-key  type  perforator  described  in  de- 
tail in  the  following  paper  at  page  litO,  which  serves  to  punch 

Fig.  39. 


the  Morse  signals  oa  a  paper  strip.  The  message  bo  pre- 
pared was  telegraphed  by  the  quick  sending  instrument  repre- 
sented in  Fig.  40,  in  which  the  perforated  paper  strip  was  drawn 
between  a  metal  roller  and  a  metal  pencil  pressing  elastically 
B^inst  it. 

Ab  a  receiving  apparatus,  the  mpid  printer  shown  in  Fig.  41 
nas  used,  a  point  writer  equipped  with  a  rotating  magnet  core 
pecul'W  to  Siemens  and  Halske's  oldest  Morse  apparatus,  the  bo- 
called  Camel  form. 

The  two  electro-magnets  m  and  m'  are  placed  on  their  sides,  the 
core  of  the  first  is  revolvable  within  its  fixed  bobbin  about  the 
axis  C,  and  prolonged  into  peculiariy-shaped  pole  pieces  p  p,  which 
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are  clam  opposite  to  the  fixed  poles  r  r  of  the  aecond  electro- 

magaet  m. 


The  relay  shown  in  Pig.  42,  also  provided  with  a  revolving 
magnet  core,  is  esBentiall;  similar  to  that  described  in  the  follow- 
ing paper,  pp.  105, 106. 


ENGLISH  PATENT  SPECIFICATION  WITH  REGARD 
TO  ELECTRO  -  MAGNETIC  DUPLEX  SPEAKING, 
TRANSLATORS  WITH  RBVOLVABLE  MAGNET 
CORES.  AND  THREE -KEY  PERFORATOR  FOK 
AUTOMATIC   TELEGRAPHY.* 

1.  Certain  arrangements  whereby  eigtuile  may  be  simultatiwualy 
trammited  in  both  directions  iij  means  of  a  single  tins  wire.\ 
Figure  43  represents  one  of  these  arrangements.    It  consists  of 

*  Vattnt,  1854,  No.  ^866,  pp.  6—11. 

t  Tbc  method  adoptsd  by  Wenier  Sivmeiis  for  duplex  irorkjnff  on  tb« 
deciro-maignetic  STsteiii,  vm  liiuultaiieoiutly  worked  out  by  Ur.  C.  FriDcheu 
of  Hanover  ;  both  inveDtors  therefore  coDibiued  their  iutereits  later  on. 
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two  telegraphic  instraments  A,  A\  placed  at  the  opposite  stations, 
which  instraments  are  by  preference  of  the  kind  called  '^  Morse 
instraments/'    These  instraments  are  worked  by  local  batteries 

B,  BS  and  the  local  circaits  are  shown  dotted  on  the  drawing. 

C,  (?,  are  transmitting  instraments,  consisting  each  of  two 
electro-magnets  a,  h,  and  soft  iron  levers  Cy  d,  that  are  fixed  upon 
the  electro-magnets  within  the  coils.  The  electro-magnet  h  with 
its  arm  c  is  fixed,  whereas  the  electro-magnet  a  with  its  donble 
lever  d  is  free  to  rotate,  being  held  back  against  its  stop  bj  its 
spring  /.  This  transmitting  apparatas  is  shown  in  detail  by 
Figure  45,  and  will  be  more  fally  described  later.  D,  D^,  are 
keys,  or  contact  levers,  such  as  are  commonly  used  in  working 
Morse  telegraphs.  E,  E^,  are  resistance  coils,  consisting  of  con- 
siderable lengths  of  thin  German  silver  wire,  that  oflTers  a  resistance 
equal  to  that  of  the  line  wire.  This  resistance  can  be  regulated 
or  adjusted  by  turning  the  small  hands  g,  g^.  F,  F^,  are  galvanic 
batteries  for  working  the  telegraphs.  In  depressing  the  key  D, 
the  circuit  of  the  battery  F  is  completed.  The  current  proceeding 
from  the  zinc  pole  of  this  battery  passes  through  the  wire  1  into 
the  piece  of  metal  h,  which  at  this  time  is  not  in  contact  with  the 
lever  D.  The  current  proceeds  from  h  in  two  directions;  firstly ^ 
through  the  wire  2,  the  coils  of  the  electro-magnet  b,  the  resist- 
ance coils  E,  into  the  earth ;  from  the  earth  through  the  wire  3 
and  the  key  D  into  the  contact  piece  i,  and  hence  to  the  copper 
pole  of  the  battery  F;  secondly,  a  current  proceeds  from  h 
through  the  wire  4,  and  the  coils  of  the  electro-magnet  a,  into 
the  line  wire  L.  At  the  opposite  station  the  current  passes 
through  the  coils  of  the  electro-magnet  a^  and  the  wire  5  to  the 
piece  h^,  hence  through  the  key  D*  and  the  wire  6  into  the  earth ; 
from  the  earth  it  passes  through  the  wire  3,  and  the  key  D  also,^ 
to  the  copper  pole  of  the  battery  F.  It  will  be  observed  that 
both  the  electro-magnets  a  and  b  of  the  instrument  C  will  be 
equally  excited,  and  the  levers  c  and  d,  being  made  similar 
magnetic  poles,  will  repel  each  other,  and  consequently  no  motion 
will  ensue.  At  the  other  station  the  current  produces  its  effect 
only  on  the  electro-magnet  a ^,  and  its  moveable  arm  d^  conse- 
quently draws  itself  towards  the  fixed  arm  of  soft  iron  c^,  and 
thereby  establishes  contact  between  the  extreme  ends  of  the 
lever  d^  and  the  contact  piece  m^;   the  circuit  of  the   local 
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batteiy  B^  is  theiebj  completed,  and  the  annature  of  the  instra- 
ment  A^  will  be  attracted  so  long  as  the  kej  D  at  the  opposite 
station  remains  depressed,  thereby  producing  a  mark  or  sign  upon 
a  strip  of  paper.  It  will  be  readily  understood  that  in  depressing 
the  keyD^  a  motion  of  the  instrument  A  will  be  produced,  in 
precisely  the  same  manner  as  before  described  with  regard  to  the 
key  D  and  the  instrument  A^  Whenever  both  keys  D  and  D* 
are  depressed  at  jbhe  same  time,  both  batteries  F  and  F*  are 

Fig.  43. 


bronght  into  the  circuit  of  the  line  wire  with  their  similar  poles 
opposed  to  each  other.  The  power  of  the  two  batteries  being 
nearly  alike,  there  will  be  no  appreciable  current  passing  the  line 
wire,  and  consequently  the  electro-magnets  a  and  a}  will  not  be 
affected.  The  local  circuits,  passing  from  each  battery  through 
the  electro-magnets  h  and  5^,  and  the  resistance  coils  E  and  E^ 
respectively,  will  excite  magnetism  in  the  fixed  arms  c,  c\  which 
in  their  turn  will  attract  the  levers  of  soft  iron  d^  d}y  and  thereby 
establish  the  local  circuits  of  both  instruments.  The  instant 
that  one  of  the  keys  (the  key  D,  for  example)  is  released,  the 
battery  F  will  be  thrown  out  of  the  circuit,  and  the  magnetism 
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of  the  eleotro-magnet  B  will  cease.  On  the  other  hand,  the 
current  Irom  the  battely  F^  will  pass  through  the  line  wire,  and 
excite  the  electro-magnet  a,  which  in  its  tnm  will  be  excited  at 
the  instant  the  excitement  of  the  electro-magnet  h  ceases;  the 
arms  c  and  d  will  remain  in  proximity,  and  the  local  circuit  of 
the  telegraph  instrument  will  continue.  At  the  opposite  station 
the  battery  F*  will  continue  to  excite  the  electro-magnet  ft*  by  its 
local  circuit,  and  commence  to  excite  the  electro-magnet  a'  by 
the  line  wire  circuit.  The  two  arms  &  and  d^  will  repel  each 
other  (being  made  similar  poles  of  two  electro-poagnets),  and  the 
local  circuit  of  the  battery  B^  will  be  broken.  It  is  true  that  the 
line  wire  current  arriving  at  the  point  A  wUl  not  entirely  proceed 
through  the  lever  D  and  the  wire  3  to  the  earth,  but  a  small  por- 
tion of  it  will  pass  through  the  coils  of  the  electro-magnet  h  and 
the  resistance  coils  E  into  the  earth ;  the  arm  c  will  in  conse- 
quence retain  a  proportion  of  magnetism,  which,  however,  will  be 
so  small,  as  compared  to  the  magnetism  of  the  arm  i^  that  it  may 
be  entirely  disregarded.  It  is  important  that  the  resistance  coils 
should  be  regulated  from  time  to  time  to  that  encountered  in  the 
line  wire.  To  effect  the  adjustment  a  galvanometer  is  provided, 
the  needle  of  which  is  placed  in  a  coil  of  two  wires;  the  one 
forming  part  of  the  local  circuit,  and  the  other  of  the  line  wire 
cirouit.  If,  on  depressing  the  working  key,  the  needle  is  de- 
flected, a  preponderance  of  one  current  over  the  other  is  proved, 
and  the  hand  on  the  resistance  coils  must  be  moved  till  the  de- 
pressing of  the  working  key  produces  no  visible  effect  on  the 
galvanometer.  The  needle  of  this  galvanometer  will  always  be 
deflected  when  the  key  of  the  instrument  of  the  opposite  station 
is  depressed,  and  may  be  used  indeed  as  a  needle  telegraph  instru- 
ment. The  arraugement  just  described  will  also  produce  the 
desired  effect  when  the  poles  of  the  battery  are  reversed.  On 
depressing  both  keys  simultaneously,  the  line  wire  current  will  in 
that  case  attain  twice  the  intensity  of  the  current  passing  through 
the  resistance  coils  or  local  circuits,  and  the  magnetism  of  the 
electro-magnets  a  and  a^  will  cause  the  levers  d  and  ^  to  be 
attracted,  notwithstanding  the  similar  magnetism  in  the  arms 
c  and  f^. 

Figure  44  represents  another  arrangement  for  effecting  simul- 
taneous communications  in  both  directions  through  the  same 
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line  wire.  A  and  A^  are  telegraph  mstraments,  worked  by  the 
batteries  B  and  B^  respectively  whenever  the  local  circait  is  com- 
pleted. C  and  E  on  the  one  side,  and  C^  and  £^  on  the  other 
side,  are  transmitting  apparatus  for  closing  the  local  circuits. 
The  armatures  of  the  instruments  E  and  E'  are  retained  against 
their  stops  by  springs  0,  o\  whereas  the  armatures  of  the  instru- 
ments C  and  C  are  retained  by  springs  of  double  the  power 
pand  y.    If  the  working  key  D  is  depressed,  a  current  wiU 
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proceed  from  the  zinc  end  of  the  battery  through  the  wire  1,  the 
coils  of  the  instrument  C,  and  the  line  wire,  through  the  coils  of 
the  instrument  C^  at  the  opposite  sUtion,  the  wires  2  and  8 
through  the  coils  of  the  instrument  E\  and  the  wire  4  into  the 
earth,  from  whence  it  will  proceed  to  the  copper  pole  of  battery  P 
through  the  wire  5.  The  current  of  the  battery  will  excite  an 
equal  amount  of  magnetism  in  the  electro-magnets  of  the  instru- 
ments C,  C^  and  E*,  which  amount  will  not  be  sufficient  to 
overcome  the  retaining  force  of  the  larger  springs  'p  and  ^\  but 
is  sufficient  to  overbalance  the  weaker  spring  o^  and  in  attracting 
the  armature  of  the  instrument  E^,  to  establish  the  current  of  the 
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local  battery  B^  The  telegraphic  instmment  A^  will  produce  a 
signal,  whereas  the  instrument  A  is  unaffected.  If,  on  the  con- 
trary, the  key  D*  is  depressed,  the  current  will  pass  from  the 
zinc  pole  of  the  bajitery  F*  into  the  earth  through  the  wire  6,  and 
thence  through  the  wire  7  at  the  opposite  station,  through  the 
coils  of  the  instrument  E,  the  wires  8  and  1,  the  coils  of  the  in- 
strument C,  the  line  wire  L,  the  coils  of  the  instrument  C*,  the 
wire  2  and  key  D*,  to  the  copper  pole  of  the  batteiy  F\  The 
magnetism  produced  in  the  coils  of  the  instruments  E,  C,  C^ 
cause  the  armature  of  the  former  only  to  move  (being  retained  by 
the  weak  spring  o\  and  thereby  to  establish  the  circuit  of  the 
local  battery  B,  and  produce  a  movement  of  the  telegraph  instru- 
ment A.  If  the  working  key  D  should  be  depressed  at  the  same 
time  with  D*,  then  the  two  batteries  F  and  F*  will  both  be  brought 
into  the  line  wire  circuit.  Proceeding  fi'om  the  zinc  pole  of  the 
battery  F,  the  current  will  traverse  the  wire  1,  the  instrument  C, 
the  line  wire  L,  the  instrument  C*,  the  wire  2,  the  key  D\  the 
battery  F^  and  the  earth,  and  will  reach  the  copper  pole  of  the 
battery  F  through  the  wire  5.  The  accumulated  force  of  both 
batteries  suffices  to  overcome  the  retaining  force  of  the  stronger 
springs  p  and  p^.  The  armatures  of  the  instruments  C  and  C 
will  both  be  attracted,  and  establish  the  circuits  of  the  local 
batteries  B  and  B\  The  simultaneous  movement  of  both  tele- 
graphic instruments  is  thereby  insured. 

Translating  Apparatus  {Instrument), — Figure  45  shows  an 
elevation  and  a  plan  of  my  improved  translating  apparatus. 
Upon  the  base  plate  A  are  placed  two  hollow  cylinders  of  wood, 
BBS  upon  which  the  wires  are  coiled  in  the  usual  manner.  The 
cavities  in  the  cylinders  B  B^  contain  rods  or  tubes  of  soft  iron, 
which  nearly  fill  the  same,  but  are  free  to  rotate  upon  steel  centres. 
The  rod  or  tube  of  iron  in  the  cylinder  B  carries  two  arms  of  soft 
iron,  E  E,  at  top  and  bottom.  The  rod  or  tube  in  cylinder  B* 
carries  two  similar  arms,  E*  ES  A  brass  arm,  F,  projects  from  the 
lower  arm  E,  and  terminates  between  two  set  screws,  N  and  0,  by 
means  of  which  the  position  of  the  arms  E  and  E  can  be  adjusted 
and  fixed.  A  similar  brass  arm,  6,  projects  from  the  lower  arm 
ES  and  terminates  between  an  insulated  abutment,  K,  and  a 
metallic  contact  screw,  M. 

The  lever  G  is  retained  against  its  insulated  abutment,  K,  by 
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*  spiral  spring,  H,  the  tensile  force  of  which  can  be  legalated  by 
"**  ^'oBttng  screw  I.  The  abntmente,  E,  M,  are  sapported  by 
"Wallic  piece,  L,  which  can  be  moved  bodily  by  means  of  an 
justing  screwj  T,  in  order  to  regulate  at  any  time  the  distance 


Kg.  46. 


between  the  arms  E  and  E'.  The  length  of  movement  of  the 
um  6,  and  consequently  of  the  arms  E'  and  £',  is  regulated 
independently,  by  means  of  the  set  screw  M.  If  a  galvanic 
crnrent  traverses  the  coils  of  the  electro-magnets,  the  arms  E  and  E 
and  E'  and  E',  will  attract  each  other,  and  the  arm  G  will  be  moved 
against  the  metallic  point  M,  to  establish  the  local  circuit  of  the 
telegraphic  iiutnunent. 
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InstrameniB  coDstracted  in  a  similar  manner  and  with  similar 
adjusting  apparatus  may  be  employed  with  advantage  for  che 
telegraph  instruments  A  and  A\  in  Figures  43  and  44. 

8.  Three-key  Pwybrator.— Perforated  strips  of  paper  have  been 
heretofore  employed  for  communicating  signals  in  the  telegraph 
known  as  Bain's  chemical  telegraph,  and  in  this  case  the  various 
signals  were  formed  by  combinations  of  dots  and  lines,  produced 
by  corresponding  round  holes  and  elongated  holes  in  the  strip  of 
paper.  In  applying  a  strip  of  paper  with  both  round  or  short 
holes  and  elongated  holes  to  Morse's  telegraph,  in  which  the 
signals  are  formed  by  dots  and  lines  marked  by  a  pen  or  pencil 
connected  to  the  armature  of  an  electro-magnet,  it  is  found  that 
the  rapidity  of  the  action  is  limited  from  the  following  cause  : — 
If  the  velocity  of  the  paper  be  such  that  there  is  just  sufficient 
time  for  the  action  of  the  electro-magnet  during  the  passage  of 
one  of  the  short  holes  past  the  finger  or  scriber,  then  it  will  be 
found,  that  during  the  passage  of  one  of  the  elongated  holes,  the 
residuary  magnetism  is  such  as  to  retard  the  return  of  the  arma- 
ture, and  thus  interfere  with  the  rapidity  of  working.  This 
defect  is  obviated  by  making  all  the  perforations  of  the  same  size 
or  length,  and  producing  the  signals  by  their  greater  or  less 
proximity  to  each  other ;  thus,  two  round  holes' very  close  together 
serve  instead  of  one  elongated  hole. 

Figure  46  is  a  plan  and  a  section  of  the  mechanism  I  employ 
for  perforating  the  strips  of  paper.  A,  B,  G,  are  three  keys,  that 
are  held  up  by  springs,  and  can  be  depressed  till  they  strike  the 
abutment  screws  y.  The  keys  A  and  B  tarn  upon  a  centre,  I, 
with  their  bosses,  d  and  e.  The  boss  e  is  armed  with  a  lever, 
carrying  at  the  end  an  elastic  catch,  h^,  that  inserts  itself  between 
the  teeth  of  the  wheel  i^.  The  boss  d  of  the  key  A  carries  a 
similar  lever,  h,  that  inserts  itself  with  its  elastic  catch  h  into  the 
teeth  of  a  smaller  wheel,  a.  The  wheels  a  and  h,  together  with 
a  check  wheel  c,  and  a  hollow  drum  H,  are  fixed  upon  a  shaft  G, 
that  has  its  bearings  in  brackets,  E,  E.  In  depressing  the  key  A, 
the  catch  h  of  the  lever  h  is  lifted  over  one  tooth  of  the  wheel  a, 
and  in  releasing  the  key,  the  wheel  a,  and  with  it  the  drum  H,  is 
turned.  To  check  the  motion  of  the  drum,  the  catch  wheel  c  and 
the  catch  lever  L  are  provided.  This  lever  extends  from  a 
moveable  frame,  K,  that  is  lifted  in  depressing  one  of  the  keys  by 
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means  of  the  set  screws  n  or  n\  in  order  to  release  the  wheels  c, 
and  to  arrest  the  same  when  its  motion,  imparted  by  the  levers  h 
or  g^  is  completed.  The  strip  of  paper  z  enters  the  machine 
below  the  keys  A  and  B ;  it  passes  throngh  a  slot  of  a  metallic 

Big.  46. 


piece  0,  and  over  a  portion  of  the  drum  H,  which  it  leaves  after 
passing  the  pressing  roller  P,  after  which  it  leaves  the  machine. 
The  roller  P  is  pressed  against  the  dram  H  by  means  of  springs, 
bnt  can  be  drawn  back  by  the  lever  Q  for  the  purpose  of  entering 
the  strip  of  paper.  The  paper  advances  with  the  dram  H  after 
every  depression   of    the  keys  A  or  B ;   it  also  advances  in 
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depressing  the  key  C,  whicli  rotates  upon  the  spindle  M,  and 
carries  at  its  end  a  catch,  N,  forcing  the  wheel  h  round.  The 
motion  of  the  wheel  h  is  stopped  by  the  entry  of  the  check  p 
between  the  teeth  of  the  wheel.  In  depressing  the  key  A,  two 
sliding  pieces  8  and  s^  are  pressed  downwards  by  means  of  the 
set  screws  1,  1,  and  the  two  steel  punches  x,  x^,  are  forced  through 
the  strip  of  paper  2.  On  relieviug  the  key,  the  springs  t,  t\  lift 
the  slides,  «,  8\  and  the  strip  of  paper  containing  two  consecutive 
holes  is  moved  forward  in  the  manner  described.  If  the  key  B 
is  pressed  down,  only  one  hole  will  be  punched  through  the  paper 
by  the  punch  x,  being  depressed  by  means  of  the  set  screw  2  of 
the  key  B  ;  on  releasing  this  key  the  advancement  of  the  paper 
is  less  than  before,  because  the  wheel  b  is  larger  than  the  wheel  a. 
At  the  termination  of  every  word  the  key  C  is  depressed,  wherehy 
the  paper  is  advanced  without  being  perforated.  It  is  important 
that  the  line  of  perforations  should  follow  the  centre  of  the  strip 
of  paper,  but  as  the  breadth  of  the  strips  may  vary,  the  following 
means  are  adopted  of  guiding  the  same  : — The  spindle  R  passes 
through  sliding  pieces  T  and  T^  with  right  and  left  handed  screw 
threads,  whereby  the  two  sliding  pieces  are  simultaneously  moved 
towards  or  from  each  other  in  turning  the  spindle  R.  The  sliding 
pieces  reach  down  to  the  base  plate  D,  and  are  so  adjusted  that 
they  touch  the  strip  of  paper  on  both  sides.  A  similar  adjustable 
guide  is  provided  in  the  shape  of  the  spindle  R^  and  the  sliding 
pins  r,  r\ 


THE   CONTROL    GALVANOSCOPE    OF    SIEMENS   AND 

HAL8KE,  1855  and  1865  * 

Preface. — The  first  of  the  two  control  galvanoscopes  described 
in  the  following — the  so-called  Tartar  galvanoscope — was  con- 
structed in  1855  for  the  imperial  Russian  telegraph  lines,  and 
rendered  it  possible  for  the  firm  of  Siemens  and  Halske  always  to 
carry  out  their  obligation,  to  repair  each  damage  to  the  lines 
within  six  hours.    The  second  instrument,  made  for  the  Russo- 

*  ZoltBchr.  des  deutsch-osten*.  Telegraphen  Vereins,  vol.  xv.  p.  69. 
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American  line  in  the  year  1AG5,  is  a  modi6catioD  of  the  older  one, 
and  ia  on  that  acconat  described  in  this  place  in  connection  with  it. 


€3 


The  control  golvanoscope  consiatB  essentially  of  the  galvano- 
icope  G  (Fig.  47)  and  the  three  spring  knobe  l^  t,  and  ff,  which 
are  oionnted  on  a  common  base  pl^e  but  insulated  from  one 
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To  the  graide  rod  of  the  knob  g^  which,  when  at  rest,  is  pressed 
downwards  by  a  spiral  spriDg,  there  is  attached  a  metal  piece  t, 
against  which  the  metal  levers  /  and  f^  are  pressed  by  spiral 
springs.  The  knobs  ^  and  ^  are  in  metallic  connection  with  one 
another,  and  also  with  the  terminal  «,  which  leads  to  earth,  when 
the  lever  r  is  in  place,  and  the  screw  m  is  screwed  home. 

By  means  of  the  terminals  L^  and  L,  the  apparatus  is  per- 
manently inserted  in  the  circuit,  and  the  current  coming  from  L,, 
for  instance,  passes  through  ^,  6,/i,  t,^,  «,  d^  to  L,,  \iithout  the 
resistance  of  the  conductor  being  materially  increased.  If  the 
knob  ^,  and  by  its  means  the  metal  piece  %  is  pressed  up,  •  is 
removed  from  contact  with  /i  and^,  and  these  levers  move  over 
against  the  pins  h^  h.  Then  the  galvanoscope  is  directly  inserted 
in  the  line.  If  now  the  knob  P  is  pressed,  the  guide  rod  b  comes 
into  contact  with  n,,  whilst  it  could  not  reach  it  at  n^  in  the 
position  of  rest  of  the  lever  /a,  L,  is  then  directly  connected  to 
earth  through  d^  «,  fi^  &,  pi,  whilst  a  current  coming  from  L^ 
passes  to  earth  through  the  galvanoscope  6,  in  the  same  direction. 
By  pressing  the  knob  ^2  ^^^  galvanoscope  is  inserted  in  a  similar 
way  in  line  2. 

The  linesman  should,  therefore,  be  able  at  all  times  to  ascertain 
by  means  of  this  instrument,  whether  the  line  is  in  order,  and 
whether  it  works  or  not,  and,  in  the  last  case,  on  which  side  the 
break  is  to  be  sought.  As  a  rule,  determined  times  of  the  day  are 
prescribed  beforehand  for  this  purpose.  If  the  linesman  wishes 
to  see  whether  the  line  works,  he  pushes  the  knob  g.  In  this  way 
he  inserts  his  galvanometer,  since  he  breaks  its  short  circuit.  If 
the  line  is  working,  he  sees  the  galvanometer  needle  deflected  in 
irregular  oscillations  to  the  right  and  left. 

'  He  then  lets  go  the  knob  without  touching  either  of  the  two 
side  knobs.  If  the  needle,  on  the  contrary,  is  quite  still  there  are 
two  possible  cases.  Either  no  working  is  going  on  at  the  moment 
or  there  is  a  break  in  the  line.  In  order  to  find  out  which  is  the 
cafie,  the  attendant,  according  to  instructions  given  him  in 
advance,  presses  at  frequent  short  intervals  on  the  centre  knob. 
If  no  movement  occurs,  or  if  the  needle  is  permanently  deflected 
to  one  side,  it  is  to  be  assumed  that  there  is  a  break  in  the  line. 
In  this  case  the  stations  are  directed  to  insert  their  signalling 
batteries  permanently  between  the  line  and  the  earth.     The 
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linesmaa  then  presses,  sunultaneonsly  with  the  centre  knob  g^ 
first  the  one,  and  after  he  has  let  go  this  one,  the  other  side  knob. 
He  thus  brings  the  two  ends  of  the  galvanometer  wire  saccessivelj 
into  connection  with  earth. 

Were  the  line  nowhere  broken,  and  if  besides  both  stations  I 
and  II  (Fig.  48)  had  their  signalling  batteries  continuously  in 
circuit,  the  galvanometer  would  be  deflected  by  the  battery  of 
station  II,  when  the  knob  of  conductor  I  was  depressed,  and  on 
the  other  hand  by  the  battery  of  station  I,  when  the  knob  of  line 
II  was  depressed. 

But  if  the  line  between  the  control  stations  2  and  8,  for  instance, 
is  broken,  the  contact  station  2,  and  all  lying  between  it  and 
station  I,  receive  only  the  current  of  battery  I,  when  the  left  knob 
is  pressed.    All  the  linesmen,  therefore  know  whether  the  fault 
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lies  on  their  right  or  left  side.  As  the  control  stations,  which  do 
not  lie  in  the  section  where  the  fracture  is,  receive  all  the  signals 
of  those  lying  near  them,  they  learn  thereby  that  the  lipes  on  both 
sides  of  them  are  in  order. 

Those  linesmen,  on  the  other  hand,  who  receive  no  through 
signalA,  know  the  direction  in  which  they  must  examine  their  line, 
in  order  to  find  the  fault 

Only  during  the  tests  must  the  lever  r  be  inserted  in  the  clamp 
screw  m ;  the  connection  must,  however,  be  opened  at  other  times, 
so  that  leakage  to  earth  may  be  avoided  as  much  as  possible. 

For  the  same  reason  also  the  apparatus  must  not  be  fixed 
directly  to  the  wall,  but  insulated  from  the  wall  by  means  of  the 
three  insulators  J,  J,  J. 


Another  more  recent  construction  of  the  control  galvanosoope, 
which  was  got  out  for  the  Russo-American  line  in  the  year  1865, 
is  shown  in  Figs.  49  and  50,  in  three-eighths  of  its  natural  size. 
Fig.  49  is  a  front  view,  with  the  cover  removed  ;  Pig.  60  a  vertical 
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Bection,  through  the  axis  of  the  needle  of  the  galvanosoope ; 
Fig.  51,  finally,  is  a  diagram  of  the  connections.  As  may  be  seen, 
in  this  apparatus  the  contact  places  as  well  as  the  keys  and  the 
galvanoscope — (which  is,  for  the  rest,  of  exactly  the  same  con- 


Fig.  49. 


stmction  as  the  table  galranoscope  of  Siemens   and  Halske's 
manufacture) — ^are  contained  in  a  lock-up  case. 

This  must  first  be  opened  with  the  proper  key  i,  and  the  lower 
half  of  the  cover  must  be  let  down  in  order  to  get  at  the  knobs. 
The  upper  half  provided  with  a  glass  disc  in  front  of  the  dial 
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of  the  instrament  can  be  raised  after  the  lock  is  opened,  if  an 
adjustment  of  the  galvanoscope  should  be  necessary.    The  whole 
case  is  fixed  to  the  wall  in  a  vertical  position  bj  means  of  four 
iusolated  screws  J,  J,  J,  J, 
Of  the  three  terminal  screws  projecting  from  the  case,  L^  and 


Fig.  50. 


Fig.  51. 
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L,  serve  for  the  two  line  wires,  E 
for  the  earth  wire.  To  the  bars 
which  carry  the  terminal  screws  L^ 
and  L,,  the  two  ends  of  the  gal- 
vanoscope windings  are  connected 
on  the  one  side ;  on  the  other  are 
fixed  the  metal  springs  h^  and  ^„ 
provided  with  the  knobs  /,  and  ?,, 
which  spring  outwards,  and  lie 
firmly  against  the  outward  bent 
ends  of  one,  and  the  same  metal 
piece  m  m  placed  over  them.  The 
metal  blade  /  fixed  to  the  earch  bar 
also  springs  outwards,  and  is  caught  by  the  insulated  stirrup  n  ;  it 
is  insulated  in  this  position  from  the  cross-bar  m  below  it,  but  can 
be  brought  into  contact  with  it  by  pressing  down  its  knob  e. 

When  none  of  the  three  knobs  is  pressed  down,  the  springs  A^,  h^ 
resting  on  the  cross-piece  m  m,  form  with  it  a  direct  connection 
between  both  conductors,  the  galvanoscope  is  cut  out.   If  the  latter 
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is  to  be  inserted  between  the  condnctorSy  the  short  circuit  Uuongli 
m  most  be  broken  by  pressing  down  one  or  both  knobs  /. 

If  the  knob  e  alone  is  pressed  down,  then  both  conductors  are 
put  direct  to  earth,  and  the  galvanoscope  is  cut  out. 

If  the  knobs  l^  and  e  are  pressed  down  together^  the  conductor 
L,  is  connected  direct,  and  L^  through  the  galyanoscope  with  the 
earth. 

If,  on  the  other  hand,  Z,  and  e  are  simultaneously  depressed,  the 
galvanoscope  is  inserted  between  L,  and  earth,  and  the  conductor 
Lj  is  put  direct  to  earth. 


ELECTRO  -  MAGNETIC  MACHINES  FOE  THE  PRO- 
DUCTION OF  CONTINUOUS  INDUCTION  CURRENTS 
OF  SIMILAR  DIRECTION.* 

The  Pla^tb  Machine. 

Preface. — ^The  plate  machine  constructed  in  1858,  and  sent  to 
the  Paris  Exhibition  in  1855,  served — together  with  the  automatic 
current  generator  described  under  II. — for  the  production  of  con- 
tinuous currents  of  high  potential  requisite  for  telegraphing  over 
long  distances. 

After  telegraphing  with  alternate  currents  became  possible,  by 
the  discovery  in  the  year  1856  of  the  polarized  electro-magnetic 
system,  both  machines  lost  their  importance  for  telegraphy.  An 
original  description  of  the  plate  machine  at  the  time  of  its 
introduction  could  not  be  found  among  the  records  of  the  firm  of 
Siemens  and  Halske. 

Halske  described  it  quite  shortly  in  a  paper  before  the  Poly- 
technic Society  (see  Proceedings  for  the  year  1861,  p.  875).  The 
description  given  in  what  follows  is  taken  from  an  article  by 
Prof.  E.  Zetzsche  on  magneto-induction  machines.  (Dingler's 
Polytechnic  Journal,  Vol.  216,  p.  491.) 

*  1853  and  1855. 
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Id  Fip.  52  aod  53  is  Bhown  the  machine  preserved  in  the 
Berlin  Post  Office  museum,  and  the  diagram  of  the  circuits. 


It  hae  frequently  been  sought  to  obtain  powerful  currents  of 
inrariable  direction,  and  as  f ar  ae  possible  invariable  strength,  by 
to  connecting  two  or  more  ordinary  magneto- electric  machines 
that  the  periods  of  the  greatest  strength  of  cunent  of  the  one 
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ntftobine  as  regu^  one  magnet  shoold  correBpond  with  the 
periodB  of  weakest  strength  of  the  other. 

This  waa  very  perfectly  accomplished  in  a  machine  which 
Siemens  and  Habke  of  Berlin  sent  to  the  London  Exhibition  of 
1851.* 

In  this  machine  a  round  iron  diuc  (a  plate)  resting  on  a  ball 
joint  tnms  or  spins  in  that  pecnliar  manner  in  which  a  plate 
placed  on  ita  edge,  and  set  spinnmg,  moves  Bhortly  before  ito 
complete  downfall ;  the  plane  of  the  circle  lies  somewhat  lower 
than  the  hall,  and  the  polar  snrfaces  are  cut  down  to  a  somewhat 
steep  conical  surface  corresponding  to  the  snrface  of  a  similar 

Fig.  G3. 


cone  which  is  swept  ont  by  the  nnder  surface  of  the  plate.  On 
the  upper  side  of  the  plate  a  metallic  arm  projects  perpendicu- 
larly froml  its  centre  lying  above  the  ball,  which  owing  to  the 
motion  of  the  plate  also  sweeps  out  a  conical  snrface ;  the  upper 
end  of  this  arm  gears  into  an  arm  fixed  to  the  axis  of  a  com- 
mutator, and  BO  puts  Ihis  axis  in  motion.  The  plate  spinning  in 
this  way  produces,  in  regular  sequence,  the  closing  or  opening  of 
contacts  by  means  of  which  the  current  from  an  electric  battery 
is  always  sent  through  one-half  of  the  electro-magnets  placed  in  the 
circle,  and  always  just  through  all  those  electro-magnets  which 
lie  between  the  touching  point  of  the  plate  with  the  poles  of  the 

*  See  Prelace. 
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elastro-magnet  in  the  ditection  of  the  motion  np  to  the  momentary 
highest  position  of  the  plate;  the  plate  is  itself  magnetized  bj 
indnction  from  the  electro-magnets,  bat  at  the  same  time  also 
maintained  by  the  attraction  on  it  of  the  electro-magnets  in  its 
rotatory  and  slowly-progressing  motion  abont  the  poles.  Bat 
each  electro-magnet  has  also  a  second  winding,  and  in  this  an 
indaced  cnrrent  mnst,  therefore,  be  set  np  on  every  appearance  and 
disappearance  of  the  current  in  the  first  winding.  These  second 
windings  of  all  the  electro-magnets  are  connected  together  in  a 
oontinnoas  circoit,  bnt  at  the  point  of  junction  of  each  two 
neighbouring  windings  the  wire  is  led  to  the  commutator  in  the 
form  of  a  loop.  Although  the  induced  currents  existing  in  all  the 
electro-magnets,  around  which  a  current  from  the  battery  circu- 
lates, are  generated  by  the  production  of  the  magnetism,  while 
the  induced  currents  existing  in  the  electro-magnets  around  which 
no  battery  current  circulates,  are  generated  by  the  extinction  of 
the  magnetism,  and  are  in  the  opposite  direction  to  the  former, 
yet  by  means  of  the  commutator  they  are  transmitted  to  the 
common  conducting  wires  as  a  continuous  current  of  one 
direction. 

This  method  of  connection  and  commutation  possesses  much 
similarity  with  that  described  as  Pacinotti's,  and  in  both  there  is 
the  special  division  of  the  current  into  two  branches.  Siemens 
and  Ha]ske*s  machine  was  intended  to  produce  with  the  help  of  a 
few  cells  an  electric  current  of  great  strength  which  can  be  used 
for  the  service  of  long  telegraph  lines  ;  by  means  of  this  machine 
telegrams  were  sent  direct  from  Leipzig  to  Vienna  viS.  Munich. 

II.  Automatic  Current  Generator  for  Rectified 

Alternating  Currents.* 

The  apparatus  (Fig.  54)  stands  on  a  base  plate  k  cA  insulating 
material,  and  on  this  is  a  metal  plate  B,  with  two  metal  standards 
C  C,  supporting  the  axis  E,  with  the  armature  D  bent  at  an  obtuse 
angle. 

Below  this  armature  are  four  electro-magnets  Mi,  „  „  4,  with 
double  windings  placed  upon  a  connecting  frame  M5,  fixed  to  the 

*  Patent  specification  of  the  20ih  June,  1865. 
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metal  plate  B.    The  armature  D  hitB  aa  extenuon  F  on  one  Bide, 
which  ends  in  a  fork,  to  take  the  connecting  rod  n,  on  the  other 


Bide  an  extendon  g,  which  carrieB  the  weight  H,  to  balance  the 
longer  arm  F,  together  with  the  connecting  rod  n.  There  are 
also  on  the  same  base  plate  B,  two  bearings  J  J,  which  support  an 


Fig.  55. 


axle.E,  with  a  fly-wheel  L.  The  axle  K  projects  on  the  one  side  to 
take  the  crank  M,  which  is  joined  to  the  connecting  rodn;  on  the 
other  side  the  axle  E  also  projects  to  take  the  commutator  arrange- 
meat,  which  is  shown  in  Fig.  56  in  three^narters  its  actaal  size. 
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The  commutator  is  made  of  cornelian  and  hard  steel,  and  is 
diyided  into  two  parts.     The  first  portion,  fixed  nninsulated  on 
^e  axle,  with  the  springs  8  and  T,  serves  for  alternating  the 
piinuijcorrent  in  the  horse-shoe  magnets  M^  and  M,  and  M,  and 
^4*    The  second  part  consists  of  the  insulated  portions  v  and  tr, 
^^eUierwith  the  springs  0,  P,  Q,  B,  to  give  the  galvanically- 
prodacei  induction  current  similar  direction  without  interruption. 
Fig.  56  gives  the  diagram  of  the  circuits.    The  battery,  con- 
Fig.  56. 


sisting  of  one  or  a  few  cells,  is  joined  up  between  the  binding 
screws  K^  and  Z^  K"'  is  the  contact-breaker,  separated  from  E'' 
when  at  rest.  S'  and  S''  are  those  binding  screws  from  which  the 
useful  current  of  high  tension  can  be  led  away  when  the  machine 
is  at  work. 

K  the  battery  is  put  in  circuit  by  closing  the  lever  K"\  and  if 
the  armature  is  balanced,  that  is  equally  distant  from  all  four 
poles,  the  following  is  the  course  of  the  current :  copper  E'  E", 
base  plate  PI,  axle  E,  commutator  U,  spring  T,  thick  winding  P4 
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and  P39  of  the  electro-magnets  M4  and  M,,  binding  screw  Z',  zinc ; 
M4  is  a  north,  M,  a  south  pole.  The  branch  circait  at  Z\  which 
leads  through  the  thick  windings  of  the  two  other  electro-magnets, 
M|  and  M,,  is  opened  by  the  spring  S,  as  it  here  rests  on  cornelian. 

The  limbs  M4  and  Mj  will  remain  magnetic  and  attract  the 
armature,  until  the  crank  M  has  turned  the  axle  of  the  flj-wheel  so 
far  that  the  cornelian  is  in  contact  with  the  spring  T  ;  at  this 
moment  the  spring  S  is  in  connection  with  the  metal  of  the 
commutator  %  and  therefore  with  the  axle,  and  the  circuit  for  the 
magnets  Mi  and  M,  is  now  closed  ;  these  now  attract  the  distant 
armature  and  allow  che  axle  of  the  crank  to  make  another  half- 
revolution,  by  which  a  reversal  of  the  windings  of  the  electro- 
magnets is  ejected. 

By  this  play  magnetism  is  successively  induced  in  each  two 
limbs,  for  instance  in  M^  north,  in  Mj  south,  in  Mj  diminishing 
south,  and  through  M^  induced  north,  in  M|  diminishing  north, 
and  through  M^  induced  south  ;  in  the  next  half-revolution,  on 
the  contrary,  the  same  action  takes  place  in  the  opposite  direc- 
tion. As  the  four  electro-magnets  are  provided  with  tine  wind- 
ings, Ji,  29  S9  o  &  current  must  be  induced  in  them  and  one  always 
opposed  to  the  first. 

This  alternating  induction  current  is,  however,  changed  by  the 
commutator  vw^  which  is  like  that  of  a  Saxton  machine,  into  a 
current  of  one  and  the  same  direction,  and  is  thus  made  available 
for  telegraphic  and  other  purposes. 

With  the  Morse  telegraph  this  current-generator  can  be  set  in 
action  without  doing  damage  by  the  local  battery  of  two  or  three 
elements,  and  then  a  machine  four  times  as  great  as  Fig.  54  gives 
a  current  of  60  to  90  cells,  which  still  acts  under  the  most  un- 
favourable circumstances  over  a  distance  of  100  miles.  The 
strength  of  the  current  is  altered  by  making  use  of  the  induced 
current  from  1, 2,  3  or  4  coils. 

Postscript. — Besides  the  above  described  simple  current-genera- 
tor, the  firm  of  Siemens  and  Halske  also  made  one  consisting  of 
two  such  combined,  the  so-called  'Mouble  automatic  current- 
generator/'  An  apparatus  of  this  kind,  preserved  in  the  Berlin 
Post  Office  museum,  is  shown  in  Fig.  57. 
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APPLICATION  FOE  A  PATENT  FOR  IMPROVEMENTS 
IN  THE  MORSE  TELEGRAPH,  RELATING  TO 
ELECTRO-MAGNETS  WITH  REVOLVABLE  CORE, 
TRANSLATION  SPRING,  ELECTRO  -  MAGNETIC 
DUPLEX  SPEAKING  AND  AUTOMATIC  STARTING  * 

Oar  improvements  in  the  Morse  telegraph  comprise  the 
following  : — 

1.  In  plaoe  of  the  armature  of  the  electro-magnet,  we  employ 
revolvable  magnets ;  we  consequently  do  not  nse  the  force  with 
which  an  electro-magnet  attracts  soft  iron,  but  the  force  with  which 
two  electro-magnets  oppositely  polarized  placed  near  £o  one 
another  reciprocally  attract  each  other.  If  one  of  these  magnets 
together  with  its  winding  were  made  moveable,  the  inert  mass  to 
be  set  in  motion  by  the  magnetic  attraction  would  be  too  great, 
and  in  consequence  the  motion  would  be  retarded.  Besides, 
the  mobility  of  the  windings  would  bring  many  technical 
difficulties  in  its  wake. 

We,  therefore,  construct  the  magnet  so  that  the  windings  with 
the  bobbin  on  which  they  are  wound  stand  still,  and  the  iron  can 
turn  in  the  fixed  bobbin.  Constructed  in  this  manner,  the 
moment  of  inertia  of  the  turning  portion  is  smaller  than  that  of  a 
moveable  armature  of  ordinary  construction.  And  specially  we 
thus  further  obtain  a  much  greater  rapidity  of  attraction  for  equal 
strength  of  cun*ent  and  number  of  convolutions,  and  in  this  way 
it  is  possible  to  work  much  more  quickly,  and  through  a  greater 
number  of  transmitting  stations  and  with  weaker  batteries,  than 
with  apparatus  provided  witji  ordinary  magnets. t 

'  2.  A  second  improvement  in  the  Morse  apparatus  consists  in  the 
retardation  of  the  working  of  the  apparatus  due  to  intermediate 
translating  stations  being  done  away  with.  The  cause  of  this 
retardation  is  the  duration  of  the  contact  of  the  writing  magnet 
being  always  shorter  than  the  duration  of  the  current  circulating 
in  the  windings  of  the  magnet,  t.^.,  of  the  contact  of  the  relay.   At 

*  20th  Januai^,  1855. 

t  The  description  of  a  relay  with  rotary  magnets  which  here  follows  is 
omitted,  because  it  already  appears  at  x^p*  104,  105. 
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each  tiranalating  gtation,  therefore,  the  daration  of  the  action  of 
the  battery  is  short^ed  as  regards  the  duration  of  the  attraction 
of  the  writing  magnet.  The  oonsequenoe  is  that  with  a  great 
nmnber  of  translating  stations,  the  working  mnst  be  done  veiy 
slowlj,  particnlarly  with  long-spaoed  signals  if  the  writing  is  to 
be  legible.  This  inconvenience,  which  is  already  very  trouble* 
some  through  the  great  extension  of  the  telegraph  network,  we 


Fig.  58. 


obviate  very  simply,  as  shown  in  Fig.  58,  by  making  the  contact 
I  of  the  writing  lever  springy. 

In  consequence,  the  current  begins  in  the  line  at  the  distant 
end  of  the  conductor  leading  to  the  translating  station  somewhat 
before  the  completion  of  the  approach  of  the  writing  magnet,  and 
continues  just  so  much  longer  after  the  backward  motion  of  the 
writing  lever  has  begun.  The  loss  of  time  which  is  occasioned  by 
the  length  of  motion  of  this  lever  can  thus  be  completely  compen- 
sated, and  retardation  of  the  working  through  any  number  of  trans- 
lating stations  ceases.  As,  further,  the  contact  of  the  writing  lever 
has  been  established  before  the  style  of  the  writing  lever  touches 
the  paper,  it  is  quite  indifferent  for  translation  whether  a  greater 
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or  less  loss  of  time  takes  place  through  the  printing  of  the  paper 
strip.  The  reading  of  through  despatches  at  the  translating 
stations  causes,  therefore,  with  our  arrangement  no  disturbance,  as 
was  formerly  the  case. 

3.  A  third  improvement  in  the  Morse  telegraph  consists  in  an 
arrangement  of  circuits  by  means  of  which  it  is  possible,  without 
alteration  in  the  construction  of  the  apparatus,  to  send  despatches 
through  one  wire  simultaneously  from  both  ends.  The  current  of 
the  home  battery  is  divided  while  speaking  into  two  branches, 
each  of  which  traverses  one  wire  of  the  doubly-wound  relay  in 
such  a  way  that  these  currents  are  equal  and  opposite.  Their  mag- 
netising power  is  thus  completely  balanced.  The  branch  current 
traversing  the  one  wire  goes  through  the  line  wire  to  the  relay 
connected  to  this,  and  effects  the  writing  there  in  the  usual  way. 
The  other  branch  returns  to  the  battery  through  a  resistance 
formed  of  thin  covered  German  silver  wire.  If  signals  are  sent 
simultaneously  from  the  other  station,  the  balance  of  the  home 
relay  is  disturbed  by  the  battery  there,  and  the  relay  magnets  are 
magnetized  by  the  diflferenoe  of  the  strength  of  the  currents.  This 
arrangement  differs  from  that  of  Dr.  Gintl  in  that  only  one  battery 
and  a  simple  key  is  necessary ;  that  moreover  the  necessary  arrange- 
ment of  the  resistance  is  very  simple  and  invariable  ;  that  the  con- 
struction of  the  Morse  apparatus  remains  unaltered ;  and  that  the 
arriving  current  passes  unhindered  even  when  the  home  key  is 
suspended  between  the  two  contacts. 

4.  Our  automatic  starting  and  stopping  is  a  decided  improve- 
ment on  the  Morse  apparatus.  Its  function  is  to  start  the  clock- 
work as  soon  as  a  message  is  sent,  and  to  bring  it  to  rest  auto- 
matically on  the  completion  of  the  message. 

If  a  message  is  sent,  the  first  approach  of  the  writing  lever  lifts 
up  the  steel  hook  a,  the  lever  h  with  the  two  projections  c  and  d 
follows  the  action  of  the  spiral  spring  e,  until  the  arm  c  is  pressed 
against  the  eccentric  disc /placed  on  the  second  axle. 

At  the  same  time,  the  arm  d  of  this  lever  presses  against  a  second 
beU-crank  lever  g,  turning  about  the  point  x,  and  lifts  the  spring  l^ 
pressing  on  the  fly  with  its  lower  arm,  and  thus  releases  the  clock- 
work. At  the  same  time  the  other  end  of  the  lever  g  is  raised  from 
the  recess  of  the  centric  disc  A,  which  is  also  fixed  on  the  second 
axle.   If  by  the  advance  of  the  clockwork  the  lever  h  is  again  raised 
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tlm)agh  the  eooentric  disc  /  by  means  of  the  arm  c^  the  lever  g 
dnring  this  time  glides  on  the  periphery  of  the  centre  disc  h^  and 
in  ooDseqnence  of  this  the  spring  I  cannot  tonch  the  friction  disc 
resting  on  the  fly. 

This  only  takes  place  when  the  hook  a  is  not  raised  daring  a 
revolution  of  the  second  axle  ;  and  the  lever  h  therefore  is  held 
fast  when  the  eccentric  recedes,  and  the  notch  in  the  disc  A  has 
advanced  sufficiently  for  the  end  of  the  lever  g  to  fall  in. 

By  this  arrangement  4^  inches  at  the  most  of  unwritten  Morse 
paper  can  pass  through  after  the  last  given  signal.  This  arrange- 
ment is  essential  to  simnltaneons  telegraphing  from  both  sides,  for 
after  the  proper  arrangement  of  his  relay,  the  operator  despatching 
has  nothing  to  do  as  regards  the  arriving  message,  or  the  simul- 
taneous control  of  his  own  message  before  his  own  work  is 
completed. 
Tf e  claim  as  our  invention  : — 

1.  The  use  in  electric  tel^raphs  of  an  electro-magnet  revolvable 
in  its  fixed  windings,  instead  of  an  armature  of  soft  iron. 

2.  The  application  of  a  spring  contact  to  the  writing  lever  of 
the  Morse  telegraph,  in  order  to  increase  the  duration  of  the 
currents  sent  on  through  this  contact. 

3.  The  method  described  for  obtaining  simultaneous  speaking 
from  both  ends  of  a  line,  of  dividing  the  current  of  the  same 
battery  into  two  branches,  the  magnetising  action  of  which  is 
completely  balanced  in  its  own  relay. 

L  The  mechanism  which  automatically  causes  the  complete 
release  of  the  clockwork  of  the  writing  magnets  by  the  first 
sign  received,  and  the  complete  stoppage  after  the  despatch  is 
finished. 
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APPLICATION  FOR  A  PATENT  FOE  A  NEW  MAGNETO- 
ELECTRIC  DIAL  TELEGRAPH.  THE  FIRST  USE 
OF  THE  DOUBLE  T  ARMATURE  (SIEMENS' 
ARMATURE).* 

The  pole  pieces  of  an  electro-magnet  A  (Fig.  59),  capable  of  rota- 
tioa  within  its  bobbin,  are  sitoi^ed  between  the  opposite  poles  of 
two  steel  magDets  B  B'.    The  magnets  carried  on  a  slide  C  C,  arc 


so  arranged,  that  both  exert  an  eqaallj  strong  attraction  on  the 
electro-m^net  acting  aa  armatnre.  To  the  revolvable  magnet  an 
arm  D  is  fixed,  which  is  continaed  into  two  arms  d  <r  (Fig.  60), 
with  the  hooked  springs  e,  0*.  These  hooks  e,  e'  gear  into  the 
teeth  of  a  small  wheel  /,  which  is  tnrned  throngh  the  length  of  a 

*  Sth  June,  1SS6. 
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^^^  ^1  each  forward  and  backward  motion  of  the  lever  D. 
Tbe  1)00^  ju^ye  beyond  the  oatch  a  projection  bent  away  from 
^  vieel  against  which  a  screw  g^  g^y  presses  when  the  motion 
qI  tlie  arm  ends  by  striking  on  the  set  screws  A,  A\  In  this  way 
the  forward  motion  of  the  wheel  is  stopped  after  rotating  as  far  as 
is  wanted,  as  may  be  seen  from  the  detailed  illustration  of  the 
wheel  gearing.  The  axle  of  the  wheel /cairies  the  pointer.  When 
a  coirent  passes  through  the  conductor,  and  the  windings  of  the 
magnet,  the  poles  of  the  electro-magnet  are  attracted  by  one  steel 

Fig.  60. 


magnet  and  repelled  by  the  other,  and  in  this  way  the  wheel /is 
turned  one  tooth.  If  an  equally  strong  cun*ent  of  opposite  direc- 
tion follow,  the  attraction  and  repulsion  of  the  magnets  are 
reTened,  and  a  second  forward  motion  of  the  pointer  ensues,  and 
80  forth. 

The  equal  and  opposite  currents  necessary  for  the  forward 
motion  of  the  pointer  are  produced  by  means  of  a  magneto-in- 
dnctor  specially  represented  in  Figs.  61 — 68,  and  the  construction 
of  which  differs  essentially  from  constructions  hitherto  known. 
An  iron  cylinder  E,  shown  in  cross  and  longitudinal  sections  in 
figs.  62 — 68,  is  provided  as  shown  in  the  longitudinal  section 
with  two  opposite  grooves  of  a  depth  of  ^,  and  a  width  of  \  of 
the  diameter,  so  that  it  almost  has  the  shape  of  a  galvanometer 
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frame.  This  groove  mnniiig  ronnd  the  length  of  the  iton  frame 
thnB  formed  is  so  woimd  round  vith  insnlated  copper  wire  that 
the  cylindrical  form  of  the  iron  bar  is  completed  again  b;  the 
windings.  Tiro  hollowed  bnshes  are  fitted  to  the  axle,  at  the 
ends  of  the  iron  cylinder  thns  constructed  which  form  the  bear- 

FiK.  81.  Fig.  62. 


ings  of  the  cylinder.  This  rotates  between  the  poles  of  several 
small  steel  m^nets  laid  above  one  another  at  a  small  distance 
apart.  These  magnets  are  formed  of  magnetized  steel  bars, 
which,  where  they  surround  the  cylinder  E,  are  hollowed  ont  in 
the  fonu  of  a  segment  of  a  circle,  filled  by  the  cylinder  with 
bat  a  slight  clearance  space.     The  other  ends  of  the  magnet 
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bira  ut  coonected  by   soft  iron  of  the  shape   of  hone-sboes. 
^  <^7linder  E  consequeatly  aen'es  aa  a  common  armatnre  for  all 


the  magnete.  If  the  former  be  rotated,  the  magnetism  in  the 
inner  flab  iron  core  is  reversed  at  each  half  revolution,  and  a 
cQirent  proportional  to  the  amount  of  the  magnetism  ia  prodnced 
each  time  in  the  windings  joined  np  into  a  conducting  circuil. 
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The  consecutive  currents  have  alternate  direction,  and  exactlj 
equal  magnetic  value.  The  rotation  of  the  cylinder  E  is  effected 
by  a  driving  wheel  on  the  axis  of  which  is  the  handle  (H), 
Fig.  64,  which  rotates  above  the  plate  J  provided  with  letters  and 
numbers  of  the  telegraph.* 

The  knob  of  the  handle  H  can  be  depressed  by  a  slight  pressure 
of  the  hand.  On  its  under  surface  a  spring  projection  is  fixed 
which  then  falls  into  the  nearest  of  the  notches  which  are  cut  on 
the  rim  of  the  plate,  and  the  cylinder  E  is  stopped.  The  ends  of 
the  wire  coil  communicate  with  the  one  end  of  the  wire  coil  of 
the  corresponding  telegraph  instrument  (the  other  end  of  which 
is  connected  with  the  line),  and  with  earth.  The  telegraph  in- 
struments thus  connected  up  at  both  stations  are  consequently 
moved  one  tooth  forward  for  each  half  revolution  of  the 
cylinder  E. 

To  prevent  the  wire  coil  of  the  inductor  from  being  unneces- 
sarily traversed  by  the  arriving  current,  a  contact  is  arranged  at 
the  lower  end  of  the  cylinder  E,  by  which  the  inductor  is  short- 
circuited,  when  the  cylinder  is  in  that  position  in  which  na 
current  ciix^ulates  in  the  convolution  during  the  rotation. 

The  following  are  the  advantages  of  the  above-described 
magnetic  inductor  over  those  hitherto  known  : — 

1.  In  the  existing  magnetic  inductors  four  different  currcnta 
are  produced  during  a  revolution,  one  on  the  receding  of  an  iron 
pole  from  one  magnet  pole,  a  second  of  similar  direction  on 
approaching  the  other  magnet  pole,  a  third  of  opposite  direction 
on  receding  from  this,  and  a  fourth  also  of  opposite  direction  on 
approaching  the  first  magnet  pole.  Stohrer  made  the  two- 
currents  on  approaching  and  receding  from  one  pole  similar  iA 
direction  by  means  of  a  commutator,  and  employed  them  in  this 
way  for  magnetizing  the  electro-magnets.  In  the  inductor  de- 
scribed there  are  only  two  short  but  strong  currents,  and  the 
commutator  is  entirely  omitted. 

2.  The  inertia  of  the  rotating  cylinder  is  for  equal  strength  of 
the  induced  current  hardly  ^V  ^  great  as  that  of  Stohrer's, 
Sinsteden's,  and  other  constructions   hitherto  employed.    The 
rotation  of  tlie  cylinder  can,  therefore,  be  worked  in  the  described 

*  Fig.  64  shows  the  forni  of  the  telegraph  as  it  was  in  the  year  1857.  See 
"Transactions  of  the  Yerein  ftir  Eisenbahnknnde  "  of  the  18th  March,  1857. 
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manner  by  means  of  the  hand  without  any  trouble,  or  when  it  is 
preferred  to  use  a  clockwork  and  stoppage  by  keys,  the  rotation 
can  be  set  at  work  withont  any  further  assistance  by  means  of  the 
clockwork. 

3.  Instead  of  employing  two  large  magnets,  an  unlimited 
namber  of  smaller  ones  may  be  used.  As  the  carrying  power  of 
a  magnet  varies  as  the  square  root  of  the  weight,  much  more 
powerful  effects  are  produced  with  the  inductor  described  with 
the  same  weight  of  steel.  Hence  by  our  mode  of  construction 
not  only  is  the  weight  of  steel  saved,  but  the  strength  of  the 
electro-magnetic  current  can  be  increased  without  limit,  and 
without  disproportionate  increase  of  cost,  which  is  not  the  case 
with  the  older  constructions. 

What  we  consider  new  and  as  our  invention  are : — 

1.  The  construction  of  magneto-inductor  described,  especially 
the  use  of  an  iron  core  wound  transversely,  and  capable  of  rota- 
ting round  its  longitudinal  axis  between  the  limbs  of  several  steel 
magnets  placed  over  one  another. 

2.  The  specially-described  anchor  escapement  for  turning  the 
pointer  wheel. 

3.  Placing  the  poles  of  our  electro-magnet,  movable  in  its  fixed 
windings,  between  the  opposite  poles  of  two  steel  magnets  in  such 
a  way,  that  the  electro-magnet  is  held  fixed  in  either  of  its  two 
positions  of  rest  by  the  preponderating  action  of  one  or  other  steel 
magnet. 


APPLICATION  FOR  A  PATENT   FOB  A  METHOD  OP 

TELEGRAPHING     WITH     MORSE     WRITERS    BY 

MEANS  OF  INDUCED  CURRENTS  OF  ALTERNATE 

DIRECTION.* 

We  employ  for  our  method  translating  devices  (relays)  which 
are  so  constructed,  that  the  contact  remains  permanently  on  or  off, 
without  the  help  of  a  current  passing  through  the  line,  when  one 
or  other  position  is  mechanically  brought  about. 

*  6th  June,  1856. 
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We  eflfect  this— 

1.  Bj  placing  the  poles  of  an  electro-magnet  between  the  poles 
of  two  permanently  mc^netized  steel  magnets,  or  electro-magnets, 
80  that  the  rotary  magnet  is  attracted  towards  both  sides  with 
equal  force,  when  it  is  in  the  middle  of  the  contact  stroke,  and 
consequently  preponderantly  attracted  and  held  fast  by  the 
magnet  to  which  it  has  approached. 

2.  By  placing  opposite  to  one  another  the  poles  of  a  rotaiy 
and  of  a  fixed  magnet,  of  which  one  is  permanently  magnetic, 
and  by  neutralizing  the  attraction  of  the  latter  by  means  of  a 
spring,  so  that  equilibrium  between  both  forces  takes  place  in  the 
middle  of  the  stroke.  If  short  alternate  currents  of  equal  mag- 
netic force  pass  through  a  relay  arranged  in  this  way,  one 
direction  of  the  current  will  magnetize  the  electro-magnets  con- 
nected with  the  line  in  such  a  way  that  the  movable  magnet 
moves  towards  the  contact,  and  the  contact  remains  established 
until  the  second  current  of  opposite  direction  reverses  the 
magnetism,  and  permanently  interrupts  the  contact.  If  the 
movable  magnet  described  under  1  is  placed  between  two  fixed 
magnets,  the  motion  of  the  former  is  caused  by  simultaneous 
attraction  by  the  one  side  and  repulsion  from  the  other.  If  the 
relay  is  arranged  as  described  under  2,  the  motion  for  contact  is 
effected  by  the  attractions  of  the  permanent  and  temporary  mag- 
netism, the  return  by  their  repulsion  together  with  the  action  of 
the  spring. 

If  both  currents  have  exactly  equal  magnetic  value,  the  one 
always  completely  annuls  the  action  of  the  other,  consequently, 
when  once  the  position  of  equilibrium  has  been  obtained  there  is 
never  any  necessity  for  correction,  whatever  the  strength  of  the 
single  currents  may  be. 

We  obtain  the  equal  and  opposite  currents  of  very  short  duration 
which  are  required  by  the  use  of  the  currents  produced  by  voltaic 
induction,  as  they  are  produced  in  the  secondary  coils  of  an 
electro-magnet  by  the  closing  and  opening  of  the  primary.  By 
pressing  down  the  key  of  the  Morse  apparatus,  the  current  of  a 
local  battery  of  2  or  8  cells  is  sent  through  the  primary  coils  of  a 
closed  electro-magnet.  The  current  induced  thereby  in  the  secon- 
dary coils  of  the  same  magnet  magnetize  the  electro-magnets  of 
the  receiving  station  in  the  direction  of  the  motion  for  contact. 
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The  oontact  oontiimes  as  long  as  the  key  is  pressed  down.  By 
raising  it  the  oppositely-directed  opening  carrent  is  set  np  in  the 
secondary  coils,  which  magnetizes  the  electro-magnet  of  the  re- 
ceiving station  equally  strongly  in  the  opposite  direction,  and  so 
brings  abont  the  breaking  of  the  contact.  If  the  apparatus  are 
arranged  for  duplex,  a  second  magnet,  also  with  double  winding, 
is  inserted  in  the  first  series,  the  iron  core  of  which  is  arranged  to 
be  drawn  out. 
The  secondary  coil  of  this  second  magnet  communicates  with 


Fig.  65. 


the  duplex  coil  of  the  relay.  If  the  iron  core  is  now  pushed  down 
80  deep  into  its  coil  that  its  own  relay  remains  at  rest  when 
working,  this  is  the  correct  arrangement  for  duplex  speakings 
This  combination  for  duplex  speaking  is  shown  in  diagram  in 
Fig.  65 ;  a  is  the  volta  inductor  for  the  line  current,  b  that  for 
the  duplex  current.  The  primary  coils  of  both  inductors  com- 
municate with  the  battery  c  and  key  d.  One  end  of  the  secondary 
coil  of  inductor  a  communicates  with  the  line  coil  of  the  relay  «, 
the  other  with  earth.  The  two  ends  of  the  secondary  coil  of  the 
local  inductor  h  communicate  with  the  two  ends  of  the  duplex 
coil  f  of  the  relay.  To  avoid  the  return  of  the  entering  current 
through  the  windings  of  the  line  inductor  a,  its  two  ends  may  be 
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connected  with  the  kej  and  back  contact  as  represented  b;  the 
fine  dotted  line. 

In  the  annexed  detailed  drawing  (Figs-  6^  ^d  67)  of  a  relay 
as  described  under  l  with  line  and  local  indnctor,  the  movable 
magnet  is  represented  "by  A,  the  polar  esteneions  of  which  are 

Fifi.  00. 
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fl,  o',  a",  the  two  stcci  magnetB  by  B,  B'.  The  contacts  move 
forward  together  by  means  of  the  screw  D,  and  the  point  where 
the  attraction  of  both  Bteel  magnets  is  equal  is  hence  very  easily 
fonnd ;  E  E'  represents  the  line  inductor,  F  F'  the  local  indnctor 
for  the  duplex  current  in  the  case  of  duplex  speaking.  The 
advantages  of  this  Bystem  are  essentially — 

1.  The  troublesome  use  of  the  correction    spring   is   qnite 
obviated,  because  the  relay  must  retain  esactly  the  same  position 
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with  strong  as  with  weak  carrents.  One  can  consequently  tele- 
graph without  any  alteration  with  telegraph  instruments,  so 
arranged  with  the  greatest  safety  at  the  greatest  and  least  dis- 
tances, and  with  great  or  small  losses  due  to  faulty  insulation. 

2.  The  costly  line  battery,  which  is  besides  the  most  usual 
cause  of  disturbances,  is  quite  unnecessary.  All  that  is  necessary 
for  telegraphing  at  any  usual  distance  is  the  employment  of  the 
signalling  battery  consisting  of  2  or  8  cells. 

3.  As  only  short  but  very  powerful  currents  are  used,  these 


Fig.  67. 


telegraph  instruments  must  be  very  insensible  to  disturbances  of 
atmospheric  origin. 

4.  By  their  use  duplex  speaking  is  rendered  independent  of 
rheostats,  which  are  so  little  to  be  depended  on.  There  is  only 
one  correction  contrivance  which  is  much  easier  to  use  than  that 
of  the  usual  Morse  relay.  Further,  with  the  use  of  momentary 
carrents,  inserted  magnets  are  no  longer  disturbing;  duplex 
speaking  can  therefore  be  used  with  as  many  intermediate  stations 
as  desired. 

5.  As  the  induced  currents  used  are  of  very  short  duration,  it 
follows  that  the  speed  of  signalling  can  be  increased  almost  with- 
out limit.  Therefore,  both  on  this  account,  as  well  as  the  greater 
safety  and  invariabUity  of  the  arrangement,  quick  writing  or 
mechanical  telegraphing  can  be  carried  on  with  safety  with  the 
new  apparatus. 

What  we  consider  new  and  as  our  invention  are — 
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1.  Principally  the  use  of  induced  voltaic  currents  in  the  manner 
described,  /.<?.,  so  that  the  closing  current  of  the  inductor  produces 
the  motion  of  the  movable  magnet  which  makes  the  contact  for 
the  local  current,  and  its  opening  current  in  a  similar  way  breaks 
the  local  circuit,  or  vice  versa. 

2.  The  described  construction  of  relay  for  Morse  telegraphs 
with  instantaneous  currents. 

3.  The  regulation  of  the  strength  of  the  duplex  cmTent,  as 
regards  distance,  by  a  greater  or  less  insertion  of  the  iron  core  in 
the  coils  of  the  local  inductor. 


SIEMENS  AND  HALSKE'S  INDUCTION  WRITER. 
INSTRUCTIONS  FOR  ITS  USE.* 

I.  The  Relay. — We  usually  employ  Morse  or  chemical  writers 
with  our  induction  writers.  The  relays  are  so  constructed  that 
the  contact  lever  remains  on  the  contact  or  on  the  insulated  stop,, 
when  one  or  other  position  is  mechanically  given  to  it.  This  is 
eflFected  by  short  induced  alternating  currents  which  pass  through 
the  line  and  the  windings  of  the  relay. 

Two  short  currents  following  one  another  are,  therefore,  neces- 
sary for  the  production  of  each  telegraph  signal,  of  which  one 
makes  the  contact,  whilst  the  other  of  opposite  direction  breaks 
it  again.  The  length  of  the  dash  produced  is  consequently  not 
dependent,  as  in  the  Morse  relay,  on  the  duration  of  the  current 
in  the  line,  bub  on  the  length  of  the  interval  between  the  two 
momentary  successive  currents,  during  which  no  current  passes. 
These  momentary  currents  are  produced  by  voltaic  induction. 

Two  different  constructions  of  relay  are  shown  in  Figs.  68  and 
09,  which  we  use  for  this  purpose.  In  the  relay  sho^Mi  in  Fig.  68 
the  polar  extensions  of  an  electro-magnet,  revolvable  in  its  fixed 
bobbin,  are  so  placed  between  the  neighbouring  opposite  poles  of 
two  permanent  magnets  that  they  are  attracted  by  both  with 
equal  force,  when  the  contact  lever  is  exactly  between  the  contact 

•  26th  June,  18.56. 
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and  iDsQlated  stop.    It  it,  therefore,  held  fixed  by  the  preponde- 
Flg.e8. 


n^ing  force  of  one  or  other  magnet  when  it  has  passed  the  nentral 
point  tovuYlB  one  or  other  stop. 

If  a  current  passes  throngh  the  windings  of  the  electro-magnet, 
the  magnetism  of  the  polar  extensions  attracts  one  and  repels  the 

Fig.  69. 


Other  permanent  magnet.    The  equilibrium  of  the  attraction  is, 
therefore,  disturbed,  and  with  a  certain  direction  of  carrent  a 
ro(A{on  of  the  contact  lever  towards  the  contact  takes  place. 
It  is  now  held  firmly  agiunst  this  latter  hj  the  preponderating 
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attraction  of  the  corresponding  steel  magnet,  strengthened  by  the 
remanent  electro-magnetism. 

The  sacceediag  short  current  of  opposite  direction  destroys  the 
remanent  magnetism,  and  gives  the  poles  of  the  electro-magnets  an 
opposite  polarity,  by  which  the  return  motion  of  the  contact  lever 
and  its  striking  against  the  insulated  stop  is  effected. 

The  relay  shown  in  ^\g,  G9  has  two  fixed  electro-magnets,  whilst 
tlie  permanent  magnet  is  movable.  Two  similarly-named  poles  of 
the  two  cun^ed  steel  magnets  unite  in  a  fixed  iron  piece,  and  iu 
its  hollow  there  turns  with  the  least  play  an  iron  axle  with  its 
attached  aimature. 

The  latter,  therefore,  forms  the  movable  extension  of  the  two 
steel  magnets,  and  in  this  way  receives  a  very  strong  permanent 
magnetism. 

The  two  other  similarly-named  poles  of  the  magnet  can*y  the 
electro-magnets,  opposite  to  the  poles  of  which  the  armature  stands. 
When  no  current  circulates  in  the  windings  of  the  electro-magnets, 
the  ends  of  the  electro-magnets  constitute  equal  permanent  mag- 
netic poles,  and  exert  on  the  oppositely  magnetic  armature  a  very 
powerful  attraction  equally  strong  in  both  directions.  If  a 
current  flows  through  the  windings  of  the  electro-magnet,  this 
equilibrium  is  disturbed,  and  the  armature  is  moved  in  oue  or 
other  direction  according  to  the  direction  of  the  current.  By  the 
joint  action  of  the  preponderating  attraction  of  the  nearest  per- 
manently magnetized  electro-magnet  and  of  the  remanent  magne- 
tism, the  armature  is  retained  after  the  cessation  of  the  current 
until  a  current  of  opposite  direction  circulates,  and  causes  the 
motion  towards  the  other  stop.  There  is,  as  a  rule,  no  fear  of  an 
injurious  influence  on  the  permanent  magnetization  of  the  steel 
magnets  with  the  small  quantity  of  electro-magnetism  employed 
when  the  magnets  are  made  of  glass-hard  steel. 

In  cases  where  very  strong  currents  may  have  to  be  used,  as, 
for  instance,  with  magneto-electric  needle  telegraphs,  or  with 
relays  which  are  to  work  on  very  short  lines,  we  make  use  of  a 
third  construction  of  relay,  the  chief  difference  of  which  from 
that  just  described  is  that  instead  of  the  two  separate  electro- 
magnets a  horse-shoe  magnet  is  used. 

Tlie  relays  described  may  also  be  used  as  ordinary  Morse  relays. 
It  is  only  necessary  in  this  case  to  advance  the  contact  piece  so  fur 
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by  means  of  the  screw  that  the  equUibrium  of  magnetic  attraction 
is  permanenilj  distarbed.  The  near  magnet  then  works  as  a 
spnng,  the  action  of  which,  as  regards  the  strength  of  the  current, 
maj  be  modified  at  pleasure. 

Any  ordinary  Morse  relay  can  equally  be  used  for  signalling 
vith  induced  cun'ents,  if  the  armature  or  pole  of  the  rotary 
magnet  is  set  Tery  near,  and  the  spring  made  weak.  The 
remanent  then  takes  the  place  of  the  permanent  magnetism. 
l^^atorally,  the  certainty  and  sensitiveness  of  the  relay  is  con- 
siderably less  in  this  case. 

11.  TJie  Inductor, — We  construct  the  volta  inductors,  by  means 
of  which  short  currents  of  alternating  direction  are  produced,  in 
the  following  manner : — 

The  iron  core  of  the  inductor  is  a  thick  iron  plate  with  upturned 
flanges.  This  is  wound  first  with  the  primary  coil  formed  of  thick 
wires,  and  then  with  the  sccondaiy  coil,  until  the  space  between 
the  core  and  the  flanges  is  completely  filled  with  wire. 

Two  or  more  bobbins  thus  formed  are  now  placed  upon  one 
another,  and  the  primary  and  secondary  coils  ai*e  so  connected  that 
each  two  bobbins  form  a  closed  horse-shoe  magnet.  The  advantages 
of  this  mode  of  construction  are  : — 

1.  The  horse-shoes  are  short-circuited ;  and  a  greater  magnetism 
is  therefore  produced  with  them  than  with  open  magnets ;  and 

2.  Each  limb  of  the  horse-shoe  exerts  its  full  effect  on  all 
enclosed  wires,  the  windings  of  the  one  iron  core  are  therefore 
subjected  to  the  inductive  action  of  the  other. 

Inductors  of  this  class  can  therefore  be  made  much  smaller 
for  equal  effect  than  those  of  other  construction,  and  require  a 
considerably  smaller  quantity  of  wire  for  the  production  of  currents 
of  equal  strength. 

III.  Connections.^-Of  the  many  possible  connections  for  simple 
signalling,  we  will  only  mention  these  below,  numbered  1  to  5, 
Pigs.  70—74. 

In  all  of  them  L  is  the  line,  wly  w2,  the  two  windings  of  the  relay, 
T  the  key,  with  the  contacts  a,  d,  and  c  ;  B  the  battery  of  two 
cells ;  P  the  primary,  S  the  secondary  coil  of  the  inductor  (in 
connections  2,  8  and  5,  shown  separated),  and  E  the  earth  plate. 

Connection  1  (Fig.  70). — On  pressing  down  the  key  T,  after  the 
back  contact  a  is  broken,  and  before  the  working  contact  b  is 
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made,  the  connection  of  the  ftee  end  of  the  secondary  coil  S,  of 
the  volta  inductor  is  made  with  the  key  T  and  the  line  by  means 
of  a  third  contact  c,  and  thus  opens  a  path  to  it  for  the  secondair 
current  arising  after  the  closing  of  the  local  circuit. 

After  the  interruption  of  the  local  current,  at  the  commence- 
ment of  the  backward  movement  of  the  key,  this  connection  of 
the  secondary  coil  with  the  line  continues  for  a  short  time,  owing- 
to  the  spring  contact.  As  the  secondary  currents  endure  for  a 
very  short  time,  this  short  closing  of  the  line  is  sufficient  to 


Fig.  70. 


Fig.  71. 


Fig.  72. 


effect  the  return  motion  of  the  contact  lever  of  the  relays  that  are 
inserted. 

Connections  2  and  8  (Figs.  71  and  72). — Instead  of  the  third 
spring  contact  to  the  key  (or  writing  lever  in  the  case  of  relays), 
the  keys  with  two  contacts  hitherto  used  can  be  employed  in  the 
manner  shown  in  the  diagram.  The  relay  must  for  this  purpose 
be  wound  with  two  equal  and  equivalent  wires.  For  the  sake  of 
clearness,  the  wires  w\  and  ?r2,  wound  on  the  same  iron  core,  are 
shown  separate,  but  near  to  one  another  in  the  figures. 

The  course  of  the  current  in  Fig.  71  is  such  that  the  entering 
current  only  flows  through  one  of  the  relay  windings,  viz,,  wl,  and 
then  goes  through  the  back  contact  a  of  the  key  1  resting  on  it 
to  earth  E.  The  current  passing  from  the  inductor  traverses,  on 
the  contrary,  both  windings  of  the  relay  in  turn,  and  in  such  a 
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^^  ]/H  the  actions  of  the  carrentB  in  the  two  windings  balance 

^^  tiow  the  two  wires,  w\  and  tr2,  are  simultaneonslj  wound  and 

^  EUuilar  lengths,  the  compensation  for  every  strength  of  current 

^s  complete,  consequently  the  outgoing  current  cannot  work  its 
^^n  rdayg. 

The  action  is  quite  analogous  with  the  arrangement  shown  in 
%  72. 

The  arriving  current  takes  the  road  L,  T,  a,  w\y  E  the  outgoing 
curnent  E,  f/'l,  w2y  8,  L,  at  one  time  in  one  and  then  in  the 
opposite  direction. 

Connection  4  (Fig.  73). — The  relay  R,  wound  as  usual  with 


Fig.  73. 


Fifi.  74. 
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one  wire,  works  when  sending,  but  the  writing  apparatus  A  does 
not,  because  on  pressing  down  the  key  T  the  local  circuit  is 
broken  at  a,  even  if  it  should  be  closed  at  c. 

Connection  5  (Fig.  74). — Here  also  only  two  contacts,  a  and  c, 
are  used;  on  the  other  hand,  a  second  lever  or  a  spring  i  is  applied. 
The  arriving  current  takes  the  course  L,  R,  T,  S,  E.  If  the 
key  T  is  pressed  down  it  comes  first  into  conductive  connection 
with  the  smaller  lever  /,  and  then  afterwards  through  this  with  the 
battery  contact.  The  current  thus  induced  passes  through  the 
wire  e  direct  into  the  line.  If  it  is  supposed  that  with  the  returning 
motion  the  contact  with  h  is  raised,  and  the  lever  T  still  in  contact 
with  f,  there  remains  for  the  induced  opening  current  the  way  E, 
S,  T.  c,  i,  «,  L. 
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The  relay  is  consequently  withdrawn  from  the  actions  of  the 
outgoing  currents. 

IV.  Advantages, — The  advantages  which  our  induction  telegraph 
presents  consist  in  the  saving  of  line  batteries,  in  obviating  the 
troublesome  relay  adjustments,  and  in  its  not  being  affected  hj 
deficient  insulation,  and  considerable  length  of  the  lines.  It  must 
also  be  specially  mentioned  that  the  new  apparatus  permits  of  being 
combined  with  those  existing  without  any  disturbance  ;  they  cau 
both  transmit  writing  to  them  as  well  as  take  it  from  them,  and 
also  be  employed  as  relay  with  an  old  one.  The  change  from 
the  one  system  to  the  other  is  thus  much  simplified. 


REMARKS  ON  DR.  MOHR'S  PAPER  ON  THE  INEFFI- 
CACY  OP  THE  TRANSATLANTIC  ELECTRIC  CABLE.* 

Dr.  Mohr  has  expressed  the  opinion  in  this  journal  (Vol.  150, 
p.  285)  "  that  the  laying  of  telegraph  cables  in  great  ocean  depths 
is  impracticable  with  the  technical  appliances  at  present  existing, 
since  the  great  pressure  of  the  water  must  penetrate  the  substance 
of  the  insulator,  and  in  time  destroy  the  insulation.'* 

This  opinion  is  fortunately  quite  incorrect,  and  in  no  way 
founded  either  on  theory  or  practice. 

Dr.  Mohr  does  not  take  into  consideration  that  gutta-percha  is 
an  elastic  not  a  porous  body.  It  is  very  clear  that  flasks  filled  with 
air,  and  the  pores  of  wood  filled  with  air,  become  filled  with  water, 
when  placed  under  a  very  great  hydrostatic  pressure,  as  the  air  is 
compressed  to  a  very  small  volume  under  the  pressure  of  many 
hundred  atmospheres,  the  water  must  therefore  replace  the  air  in 
the  pores.  As  water  absorbs  gases  existing  under  high  pressure 
much  more  readily  than  those  existing  under  low  pressure,  it 
is  also  very  conceivable  that  the  air  in  the  inveited  flasks,  and 
existing  in  the  pores  of  the  wood  before  immersion,  apparently 
quite  disappears ;  and  that  aller  the  return  of  the  flask  or  of  the 
wood  from  a  great  depth,  hardly  any  more  air  is  to  be  found  in 

•  Dingler*8  Polyt.  Jouvn.  Vol.  CLI.  p.  880, 1859. 
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them,  the  water  having  ab^rbei  it  under  the  high  pressure.  But 
it  is  quite  otherwise  when  bodies  w^hich  have  no  pores,  and  elastic 
bodies,  the  pores  of  which  arc  not  in  direct  connection  as  in  wood, 
arc  placed  under  a  high  pressure. 

A  bladder  filled  with  air  will  be  compressed  under  external 
hydrostatic  pressure  until  equilibrium  exists  between  the  air  pres* 
sure  in  the  interior  and  the  external  water  pressure  ;  it  will  not 
therefore  be  penetrated  by  the  water,  and  contains  after  removal 
of  the  pressure  the  same  quantity  of  air  as  previously.  Very 
elastic  gutta-percha  acts  in  the  same  way.  If  there  should  be 
non-connected  pores  in  its  interior  also  filled  with  air,  they  would 
diminish  their  volume  under  high  pressure,  until  the  air  in  their 
interior  balanced  the  external  pressure,  but  would  not  become  filled 
with  water.  That  the  homogeneous  mass  of  the  gutta-percha  can- 
not itself  be  penetrated  by  water  is  undoubted,  and  is  not  called 
in  question  by  Dr.  Mohr.  Dr.  Mohr  describes  quite  accurately 
the  process  invented  and  employed  by  Halske  and  me  in  1847,  of 
covering  wires  with  gutta-percha,  and  of  discovering  the  damaged 
places  by  means  of  induced  currents.  This  is  still  employed  in 
exactly  the  same  manner,  in  the  manufacture  of  submarine  cables  ; 
the  repair  of  the  injured  places  thus  discovered  is  not  eflfectcd  by 
a  superficial  closing  up  of  the  pores,  but  by  a  softening  of  the 
whole  gutta-percha  covering.  Besides,  with  submarine  lines  a  single 
coating  is  not  considered  sufficient,  but  the  wire  covered  with  a 
fully  insulating  coating  is  again  covered  with  a  single  or  double 
coating  of  gutta-percha ;  there  can  therefore  be  no  question  of 
pores,  leading  right  through  from  the  surface  to  the  wire,  if  no 
violent  accident  has  occurred.  Besides,  all  wires  before  being 
covered  with  a  sheathing  of  hemp  and  iron  are  tested  under  as 
high  a  pressure  as  the  hydraulic  press  can  give,  whereby  hitherto 
an  injury  to  the  insulation  has  become  apparent  only  in  very 
few  cases.  I  pass  over  the  opinions  brought  forward  by  Dr.  Mohr 
on  the  rapid  propagation  of  the  electric  cun*eut,  which  he  bases 
on  the  certainly  irrelevant  Wheatstone  experiments,  as  they  have 
long  since  been  proved  incorrect ;  by  reading  my  memoir  on 
electrostatic  induction  (Pogg.  Ann.  Vol.  OIL,  p.  66),  he  could  easily 
set  his  opinions  right.  Now,  as  to  the  reasons  why  the  trans- 
Atlantic  cable  does  not  work  as  desired  there  are : — 

1.  The  imperfect  insulation  of  the  gutta-percha  itself. 
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2.  The  great  tension  to  which  the  wire  must  have  been  exposed 
daring  the  laying. 

3.  The  small  section,  and  therefore  the  slight  conductivity,  of 
the  strand  of  copper  wires,  and 

4.  The  unprofitable  use  of  the  cable  after  laying.  It  would 
appear,  and  is  besides  very  probable,  that  there  are  no  perfect 
insulators  anywhere.  Gutta-percha  certainly  conducts  electricity 
very  slightly  at  low  temperatures  ;  but  owing  to  the  great  length 
of  the  wire,  and  its  proportionately  very  slight  conductivity,  scarcely 
a  fourth  of  the  current  could  be  obtained  at  the  other  end  of  the 
wire,  even  assuming  that  the  temperature  of  the  sea  bottom  is  pro- 
bably about  3°  to  ^  C,  and  that  the  gutta-percha  is  perfectly  homo- 
geneous and  as  insulating  as  possible.  Under  these  circumstances  it 
would,  however,  have  been  possible  to  telegraph  well ;  but  on  its  way 
to  the  sea  bottom  the  cable  had  to  be  kept  back  by  a  force  which 
balances  the  weight  of  a  piece  of  cable  hanging  down  perpendicu- 
larly in  the  water  to  the  sea  bottom  ;  as  otherwise  the  cable  would 
have  quickly  glided  down  into  the  depth  along  the  inclined  plane 
formed  by  the  water  itself.  But  with  the  kind  of  armouring 
adopted,  consisting  of  iron  wire,  this  load  exceeds  already  at 
10,000  ft.  the  limit  of  elasticity  of  the  cable.  During  the  laying 
therefore,  a  considerable  permanent  stretching  of  the  cable  must 
have  arisen,  whereby  all  the  air  bubbles  in  the  gutta-percha  would 
have  been  enlarged,  the  inner  connection  of  the  diderent  layers 
separated,  and  so  faults  of  continuity  in  the  gutta-percha  covering 
harmless  until  then,  considerably  aggravated.  In  the  majority  of 
cases  the  great  external  pressure  has  acted  advantageously,  and 
has  again  closed  up  such  discontinuities  as  have  occurred.  It 
thence  appeared  very  likely  in  advance  that  in  many  cases  the  so 
advantageous  counter-effect  of  the  increased  external  pressure 
would  not  suffice,  and  that  the  insulation  would  be  considerably 
injured  in  laying,  as  was  indeed  the  case.  It  could  also  be  assumed 
with  certainty  that,  irrespective  of  this  permanent  lengthening,  the 
insulation  would  be  somewhat  worse  after  than  before  the  laying, 
owing  to  the  great  pressure  compressing  the  gutta-percha,  and 
thereby  diminishing  the  thickness  of  the  insulating  layer,  and 
because  the  tarred  hemp,  which  so  long  as  it  is  dry  contributes 
somewhat  to  the  better  insulation,  is  by  degrees  saturated  with 
water,  and  the  air  contained  in  it  absorbed  by  the  same. 
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If  the  cable,  after  laying,  had  been  managed  afc  iSrst  with  more  care, 
it  is  probable  that  in  spite  of  all  these  causes  it  would  not  have 
become  quite  unserviceable.  But  instead  of  placing  the  wire  for 
a  long  time  in  connection  with  the  positive  pole  of  powerful  bat- 
teries, so  as  thereby  to  reduce  the  conductivity  of  the  gutta-percha 
to  a  minimum,  and  to  fill  up  small  existing  pores  with  copper  oxide 
(a  process  which  we  have  frequently  used  with  great  success  in  the 
eailier  underground  lines,  and  which  was  brought  into  very 
saccessful  use  for  the  cable  in  the  Lake  of  Constance  by  Mr. 
Hipp,  and  for  the  Mediterranean  cables  by  ourselves),  strong 
iadnoed  currents  of  very  high  potential  and  alternating  direction 
were  at  once  sent  through  the  cables,  and  small  pores  were  thereby 
enlarged  into  great  faults  of  insulation  which  could  not  be 
repaired. 

Even  immediately  after  laying,  the  cable  had  not  been  for  a 
moment  in  serviceable  condition.  It  had  certainly  been  possible, 
with  mirror  galvanometers  of  great  sensitiveness,  to  observe  weak 
currents  which  had  traversed  the  line,  and  even  from  such 
deflections  of  the  mirror  to  the  right  or  left,  scarcely  perceptible 
to  the  naked  eye,  to  decipher  some  very  slowly-sent  words,  but  at 
no  time  has  it  been  possible  to  receive  decided  signals  with  regular 
telegraphic  instruments. 

But  even  the  highly  imperfect  method  of  communication  men- 
tioned above  soon  stopped,  in  consequence  of  the  deterioration  of 
the  Ifne  which  took  place. 

Very  slight  currents  can  still  traverse  the  cable  ;  it  is,  however, 
not  possible  to  use  them,  for  they  are  considerably  exceeded  in 
Htrength  by  the  currents  of  alternate  strength  and  direction 
existing  in  the  cable  without  external  cause,  and  probably  due  to 
variations  in  the  intensity  of  the  earth's  magnetism.  I  have 
often  observed  such  currents  in  underground  conductors  running 
from  East  to  West,  and  especially  in  a  very  high  degree  whilst 
there  was  an  Aurora  Borealis  in  the  sky,  at  which  time,  as  is  well 
known,  the  intensity  and  direction  of  the  earth's  magnetism  are 
snbjected  to  very  quick  and  strong  fluctuations. 

The  hypothesis  of  Dr.  Mohr,  that  the  deterioration  of  the 
insulation  of  the  Atlantic  cable  should  be  a  necessary  consequence 
of  the  great  pressure — ^an  assertion  which,  if  it  were  correct, 
would  make  all  submarine  telegraphy  problematical — is  fortunately 
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neither  correct  nor  necessary  for  the  explanation  of  the  failure  of 
the  Atlantic  cable  ;  its  improper  oonstrnction,  and  its  even  more 
improper  use,  perfectly  explain  this  total  failure. 

The  Mediterranean  cables,  which  Dr.  Mohr  brings  in  support 
of  his  opinion,  prove  just  the  contrary.  The  line  from  Cagliari  to 
Malta  and  Corfu,  which  passes  through  sea  depths  not  much  less 
than  the  Atlantic  cables,  was  quite  well  insulated  a  year  after  sub- 
mersion, and  only  slightly  worse  than  before  submersion,  although 
with  these  lines  also  induced  currents  were  employed  for  telegraphy. 
The  first  deep  sea  line  successfully  laid,  the  line  between  Cagliari 
and  the  African  coast,  consisted  of  four  very  thin  wires,  covered  with 
gutta-percha,  which  were  enclosed  in  a  common  iron  sheathing. 

This  hea\y  cable  was  likewise  exposed  to  a  tension  exceeding 
its  limits  of  elasticity,  in  consequence  of  which  all  four  conductors 
were  damaged.  Nevertheless,  we  succeeded  by  positive  polari- 
zation in  putting  all  four  into  serviceable  condition.  One 
of  these  lines  was  used  regularly  with  positive  currents,  and 
the  result  was  that  after  six  months  the  faults  of  insulation  com- 
pletely disappeared.  The  three  other  wires  remaining  unused, 
are,  on  the  other  hand,  still  in  their  original  condition,  i.e.,  only 
serviceable  with  the  use  of  positive  currents.  As  it  appears 
there  are  circumstances,  the  causes  of  which  do  not  lie  in  the 
line  of  engineering,  which  in  this  case  precluded  the  exclusive 
application  of  positive  currents.  It  follows  from  the  nature  of 
things  that  submarine  lines,  both  as  regards  laying  and  main- 
tenance, will  always  be  exposed  to  considerable  insecurity.  In 
calculating  the  profitability  of  such  work,  the  slow  propagation 
of  electricity  through  long  lines  has  besides  to  be  considered  as  an 
important  factor;  in  consequence  of  which  the  despatch  of 
messages  is  also  slow  ;  yet  the  lines  already  laid  sufficiently  show 
that  even  lines  of  the  length  of  the  Atlantic  cable  are  technically 
practicable,  and  can  be  kept  in  undisturbed  efficiency  for  a  length 
of  time.  As  the  retardation  of  the  electric  current  increases  as  the 
square  of  the  length,  and  diminishes  on  the  other  hand  with  the 
square  of  the  diameter  of  the  conducting  wire,  the  workability  of 
long  lines  can  be  increased  as  desired  by  a  greater  expenditure  of 
copper  and  gutta-percha.  The  difficulty  of  laying  at  very  great 
depths  may  also  be  overcome  by  a  suitable  construction  of  the 
<^ble  and  the  laying  machinery. 
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It  is  to  be  hoped  that  the  snbmarine  cable  from  Saez  to 
Calcutta,  now  in  course  of  mannfacture,  which  is  nearly  twice  as 
long  as  the  nnfortnnate  Atlantic  cable,  will  famish  practical 
evidence  that  great  sea  depths  and  distances  are  not  technically 

insormoimtable. 


DESCRIPTION  OF  A  CONSTANT  GALVANIC  BATTERY, 

1869* 

Halske  and  I  have  been  for  a  long  time  engaged  on  the  problem 
of  coostmcting  a  constant  battery,  so  that  the  action  continues 
^or  a  Jong  time  unimpaired,  and  the  inconvenience  and  other 
^lisadvantages  arising  from  the  unavoidable  use  of  two  liquids 
separated  by  a  porous  diaphragm  disappear.    As  is  known,  all 
batteries  in  which  both  metals  stand  in  the  same  liquid,  as,  for 
instance,  the  zinc-carbon  batteries  recently  so  much  used,  do  not 
give  a  enrrent  of  constant  strength.    At  the  moment  of  closing 
batteries  of  that  kind  the  current  is  strongest ;  the  current  consi- 
derably diminishes  after  the  first  few  seconds,  and  sinks  when 
continuously  closed  to  from  a  half  to  a  third  of  its  original 
strength.    If  the  battery  subsequently  remains  for  some  time  on 
open  circuity  it  gradually  regains  its  original  potential.    It  is 
clear  that  this  continual  and  considerable  falling-ofT  in    the 
strength  of  the  current  must  be  of  very  great  disadvantage  in 
telegraphy,  and  such  imperfect  means  would  certainly  not  be 
made  use  of  if  constant  batteries  did  not  possess  other  and  very 
important  defects. 

Grovels  and  Bunsen^s  batteries  are  only  in  a  few  cases  available 
for  telegraphic  purposes,  as  the  nitrous  acid  produced  by  the 
decomposition  of  the  nitric  acid  is  very  injurious  to  the  health, 
and  spoils  the  apparatus  in  a  short  time.  Batteries  in  which  the 
liquid  submitted  to  electrolysis  consists  of  a  solution  of  bichro- 
mate of  potash,  chloride  of  mercury,  oxide  of  manganese,  etc., 
have  not  proved  practical.  It  therefore  only  remained  to  consider 
the  Daniell  battery. 

*  Journal  of  Gennan-AuBtrian  Telegraph  Society,  Vol.  VL,  p.  58. 

L  2 


148  THE   SCIENTIFIC  PAPERS,    ETC,    OF 

This  is  cheap  to  make  and  maintain,  has  a  much  greater  electro- 
motive  force  than  the  zinc-carbon  battery,  and  gives  currents 
qaite  constant  in  strength. 

On  the  other  hand,  the  Daniell  battery  is  very  inconvenient  to 
maintain,  and  easily  altogether  destroyed  if  the  necessary  atten- 
.tion  is  not  devoted  to  it.  This  arises  to  a  great  extent  from  the 
imperfect  action  of  the  poroas  diaphragm,  by  which  the  solution 
of  sulphate  of  copper  is  separated  from  the  dilute  acid,  and  the 
zinc  placed  in  it.  Both  the  porous  clay  pots  usually  employed, 
and  the  other  materials  formerly  used  as  porous  diaphn^ms, 
permit  of  the  admixture  of  the  liquids  by  diffusion.  The  sulphate 
of  copper  thus  carried  to  the  zinc  is  decomposed  by  the  zinc, 
sulphate  of  zinc  is  formed,  and  the  copper  is  precipitated  on  the 
zinc.  Hence  in  the  first  place  copper  sulphate,  and  zinc  are 
uselessly  consumed  ;  further,  the  action  of  the  battery  is  consider- 
ably reduced  owing  to  the  copper  being  deposited  on  the  zinc  % 
and  finally  the  porous  vessels  become  quite  useless,  as  they  are 
covered  with  galvanioally-separated  copper,  and  are  quite 
corroded  by  it. 

It  has  recently  been  sought  to  remove  the  porous  diaphragm 
entirely,  as  it  was  considered  that,  owing  to  the  solution  of 
sulphate  of  copper  being  always  kept  saturated  by  a  glass  funnel, 
its  greater  specific  weight  would  always  keep  it  separated  from 
the  acidulated  water  above  it. 

As,  however,  sulphate  of  zinc  is  formed  by  the  action  of  the 
electric  current,  which  increases  the  specific  gravity  of  the  acida- 
lated  water,  as  further  the  mixture  of  the  liquids  is  certainly 
considerably  diminished,  but  not  entirely  prevented  by  the  differ- 
ence in  specific  gravity,  and  as  currents  exist  in  the  liquid  in 
consequence  of  the  electric  current  itself,  and  other  causes  which 
further  promote  their  mixture,  it  follows  that  from  this  arrange- 
ment no  satisfactory  result  is  to  be  expected. 

The  only  means  of  removing  the  faults  which  have  been  men- 
tioned in  connection  with  the  Daniell  battery,  appears  to  lie  in 
the  improvement  of  the  diaphragms.  Halske  and  I,  afi;er  many 
experiments  with  materials  unaffected  by  concentrated  sulphuric 
acid,  have  found  a  material  which  possesses  in  a  high  degree  the 
properties  required  of  diaphragms.  Daniell  batteries  supplied 
with  diaphragms  of  this  material  have  kept  quite  constajit. 
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The  intermixiiig  of  the  liquids  has  been  entirely  preveuted  by 
it,  the  action  of  the  battery  keepa  constant  for  many  months,  and 
no  chemical  consumption  of  sulphate  of  copper  and  lano  takes 
place  in  it. 

'VS^axa  75  gives  a  vertical  section  of  such  a  cell :  a  is  the 
glam  veesel,  &  is  a  glass  tube  somewhat  widened  below,  e  an 
oprigfat  atrip  of  sheet  copper  bent  into  several  spiral  windings, 
•^  Swire  fixed  to  it,  sis  a  thin  pasteboard  disc,  /  the  diaphragm 

Fig.7B. 


of  paper  pulp,  g  a  ring  of  zinc  witb  clamp.  The  paper  pulp  from 
the  paper  factory  ia  well  pressed,  and  afterwards  saturated  with  a 
fourth  of  its  weight  of  English  salphnric  acid,  and  stirred  ap 
until  the  whole  mass  has  attained  a  homogeneoua  sticky  condition. 

It  is  then  mixed  up  with  a  fourfold  quantity  of  water,  and  tteeA 
in  a  press  nnder  heavy  pressure  from  the  superfinous  aoid  water, 
and  formed  into  ring  shaped  discs,  which  quite  fill  np  the  space 
between  the  glass  walla. 

When  the  cells  prepared  in  this  way  are  to  be  set  in  action  the 
inner  glass  cylinder  is  filled  with  ciyatalg  of  sulphate  of  copper, 
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water  is  then  poured  in,  and  the  ring  formed  space  also  filled 
with  water,  to  which  on  the  first  filling  some  acid  or  common 
salt  is  added.  Afterwards  it  is  only  necessary  to  see  that  the 
inner  glass  cylinder  is  always  kept  full  of  pieces  of  sulphate  of 
copper,  and  that  the  water  in  the  outer  vessel  is  renewed  from 
time  to  time,  so  that  the  sulphate  of  zinc  formed  by  the  current 
may  always  be  kept  dissolved.  The  sulphuric  acid  necessary  for 
the  formation  of  the  sulphate  of  zinc  is  carried  by  the  current 
through  the  diaphragm  itself,  and  thereby  the  free  sulphuric  acid 
from  the  decomposed  sulphate  of  copper  simultaneously  removed. 

This  is  of  great  importance,  as  otherwise  the  solution  of  snlphate 
of  copper  would  retain  too  much  sulphurjc  acid,  and  the 
solubility  of  the  sulphate  of  copper  be  much  diminished  thereby. 
According  to  the  experience  gained  with  such  batteries  during 
six  months*  working  their  action  is  exceedingly  constant.  The 
cost  of  maintenance  is  very  small,  as  all  chemical  consumption  of 
sulphate  of  copper  and  zinc  is  obviated. 

Such  a  battery  can  be  left  for  months  without  injury  to  its 
action,  if  care  is  only  taken  that  pieces  of  sulphate  of  copper  are 
always  visible  in  the  glass  tube,  and  that  the  evaporated  water  is 
renewed.  It  is  well  to  take  down  the  batteries  every  fortnight, 
to  clean  the  zinc  cylinder  thoroughly,  to  pour  off  the  liquid,  and 
to  reaew  with  pure  water.  If  the  sulphate  of  copper  employed 
contains  iron,  it  is  well  to  turn  the  batteries  upside  down,  so  that 
the  solution  of  sulphate  of  copper  below  the  diaphragm,  which 
then  contains  much  sulphate  of  iron  may  be  removed. 

The  zinc  rings  should  not  be  amalgamated.  In  order  to 
remove  the  foreign  metals  contained  in  the  zinc,  which  remain 
undissolved,  from  the  paper,  we  protect  this  with  a  ring  of  some 
loose  texture,  which  is  replaced  on  cleaning  the  battery  by  a 
new  one.  This  can  be  easily  made  serviceable  again  with  dilute 
nitric  acid,  which  removes  the  metals  remaining  undissolved. 

In  filling  again  with  water,  care  has  to  be  taken  that  the  space 
under  the  diaphragm  is  completely  filled  with  water.  If  air 
bubbles  appear,  they  can  easily  be  removed  by  tilting  the  glass. 
The  resistance  of  cells  of  this  kind  is  not  much  greater  than  that 
of  the  usual  small  Daniell  batteries  with  hard-baked  earthenware 
pots.  They  are,  therefore,  suitable  for  all  line  batteries,  but  have, 
as  a  rule,  too  great  a  resistance  for  local  batteries. 
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iZwior^.— The  battery  described  above  is  now  known  under  the 
name  of  Siemens  and  Halske's,  or  Paperpulp  battery,  and  is  in 
extensive  use.  A  recent  modification  of  the  same  is  the  Eieselguhr 
cell,  of  Siemens  and  Halske,  in  which  the  diaphragm  is  formed  of 
Eieselguhr  (infusorial  earth),  which  is  saturated  with  sulphuric 
acid. 


SIEMENS  AND  HALSKE'S  APPARATUS  FOR  WORKING 

LONG  SUBMARINE  CABLES.* 

From  the  papers  of  Faraday,  published  at  the  time  in  this 
Joamal(vol.  i.  p.  120  and  vol.  ii.  p.  101),  of  Werner  Siemens 
(vol.  i.  p.  137),  and  of  Wheatstone  (vol.  ii.  p.  152),  it  is  known  that 
a  telegraph  cable  lying  on  the  sea-bottom  behaves  like  a  Leyden  jar 
of  very  considerable  surface,  the  copper  conducting-wire  being 
the  inner  coating,  the  gutta-percha  covering  acting  as  the  glass 
of  the  jar,  and  the  protecting  iron  sheathing  together  with  the 
surrounding  water,  acting  as  the  outer  coating. 

If  one  end  of  such  a  cable  is  connected  with  the  free  pole  of  an 
earthed  battery  whilst  its  other  end  is  insulated,  then  a  galvano- 
meter inserted  between  the  battery  and  cable,  indicates  by  a 
considerable  but  decreasing  deflection  the  charging  current 
entering  into  the  cable ;  if  the  cable  is  then  disconnected  from 
the  battery  and  put  in  connection  with  earth,  the  discharging 
cnrrent  from  cable  to  earth  shows  itself  by  a  deflection  in  the 
opposite  direction. 

The  same  thing  occurs,  if  the  further  end  of  the  cable  is  not 
insulated,  but  connected  to  earth.  Then  also  a  charge  takes 
place,  in  the  first  instance,  when  the  pole  of  the  battery  is  con- 
nected up ;  and  only  if  the  connection  be  maintained  is  the  current 
at  the  other  end  of  the  cable  perceptible  on  a  galvanometer  or 
other  telegraph  apparatus  inserted  there  between  it  and  the  earth. 
If  then  the  connection  with  the  battery  is  interrupted,  and  the 
corresponding  end  of  the  cable  insulated,  the  current  does  not 

*  Journal  of  the  Deutsch-osterr.  Telegraphen  Verein,  Vol.  VI.,  p.  96, 18 
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instantly  cease  at  the  other  end,  bat  continues  for  some  time, 
thongh  gradually  becoming  weaker,  because  now  the  discharging 
current  travels  in  the  same  direction  as  the  battery  current,  and 
immediately  follows  it. 

These  charging  phenomena  cause  frequent  disturbances  in 
signalling  on  such  lines,  and  render  necessary  many  special  con- 
trivances and  alterations  in  the  construction  of  the  apparatus, 
because,  with  the  ordinary  apparatus  used  on  overhead  lines,  it 
would  only  be  possible  to  signal  very  slowly  through  submarine 
cables,  and  not  at  all  through  long  lines. 

In  what  follows  the  system  of  apparatus  is  described,  which 
Siemens  and  Halske  constructed,  having  regard  to  the  require- 
ments of  long  submarine  hues,  and  which  were  first  used  on  the 
submarine  line  in  the  Red  Sea  from  Suez  to  Aden,  carried  out  by 
them  in  connection  with  the  well-known  English  firm  of  Newall 
and  Co.* 

THE  PRINCIPAL  LAWS  OP  CHARGING  CURRENTS. 

Werner  Siemens  has  brought  forward  and  verified  the  following 
among  other  laws  having  reference  to  the  charge. 

If  Q  represents  the  amount  of  charge,  and  a  the  angle  of 
deflection,  then — 

Q  =  %mj     . (1). 

If  now  it  is  desired  to  compare  the  charges  Q  and  Q^  for  two 
different  wires,  and  if  the  respective  deflections  b  and  d^  have 
been  found  by  means  of  a  tangent  galvanometer,  the  ratio  of  the 
charges  is  given  by  the  proportion — 

Q  :  Qi  =  sin  ?-:  sin  ^         .         .         .         .     (2). 

A  means  of  comparing  the  charges  by  calculation  is  given  by 
the  proportion — 

Q=Q^==logi'  log'-i        ....    (3), 

P  P\ 

•  Tliis  paper  was  written  by  "Werner  Siemens  with  a  view  to  its  being  trans- 
lated into  English,  and  forming  a  part  of  the  instructions,  which  have  since 
appeared  in  print,  intended  for  the  officials  of  that  line. 
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in  which, 
lly  represent  the  lengths  of  the  wires, 
TTy^  the  corresponding  radii  of  the  gutta-percha, 
PPu  the  corresponding  radii  of  the  copper  wires^ 
n  «i,  the  relative  electro-motive  force,  or  the  number  of  cells. 
Very  important    consequences    follow,    moreover,  from    this 

equation.     If   it    is    assumed,    for    instance,    that   the   ratio 

-  of  one  cable  is  equal  to  the  ratio  -i  of  the  other,  then — 
P  Pi 

Q  :  Qj  =  n  Z  :  ni  Zi (4). 

If  it  is  farther  assumed^  that  in  both  cables  the  same  number  of 
cells  are  used,  •*.«.,  that  n  =  ;ii,  then — 

Q  :  Qi  =  /  :  /i (5). 

Bat  if  the  lengths  of  the  cables  were  the  same,  ue,,  if  in  (4) 
^  =  /i,  then — 

Q  :  Qi  -=  n  :  »i (6). 

If  it  is  farther  assumed  that  /  and  t^  are  the  times,  after  which 
the  chaining  current  appears  at  the  end  of  the  two  cables,  then 
we  ratio  of  these  times  is  given  by  the  proportion — 

^^^=pMogl'p,Mog^-     ....    (7); 

P  Pi 

*^d  for  the  case  again,  that     =  - 

P      P 

and  when,  moreover,  in  (8)  Z  =  /j 

t:t^  =pr:p' (9). 

Or,  if  instead  of  this  p  =  pi,  then 

t:tj  =  P  :h^ (10). 

From  the  above  equations  there  follow  the  following  important 


a.  The  charges  are  proportional  to  the  sines  of  half  the  angle 
of  deflection. 


154  ^^^    SCIENTIFIC  PAPERS,    ETC,,    OF 

h.  When  the  ratios  of  the  thickness  of  the  gutta-percha  covering 
to  that  of  the  copper  wire  are  the  same,  the  charges  are  only  de- 
pendent on  the  lengths  of  the  cable  and  the  number  of  cells  in 
the  batteries,  and  then  they  vary  accordiog  to  (4)  as  the  product 
of  the  lengths  of  the  cables  and  the  number  of  cells. 

c.  If  the  ratio  of  the  thickness  of  the  gutta-percha  to  that  of 
the  copper  wire  is  the  same  in  both  cables,  and  the  batteries  are 
also  equal,  then,  according  to  (5),  the  charges  vary  as  the  unequal 
lengths  of  the  cable. 

d.  If  the  ratio  of  the  thickness  of  the  gutta-percha  to  that  of 
the  copper  wire  is  the  same  in  both  cables,  and  the  lengths  of  the 
cable  are  also  the  same,  then,  according  to  (6),  the  charges  vary  as 
the  number  of  cells  in  the  unequal  batteries. 

e.  The  times  of  charge  are  independent  of  the  batteries,  as  the 
latter  do  not  appear  in  the  determining  equations  7  and  10. 

/.  If  the  ratio  of  the  thickness  of  the  gutta-percha  to  that  of 
the  copper  wire  is  the  same,  the  times  of  charge  are  only  depen- 
dent on  the  lengths  of  the  cable  and  the  thickness  of  tlie  copper 
wire,  and  vary  according  to  (8)  Us  the  squares  of  the  quotients  of 
the  length  of  the  line  by  the  radius  of  the  copper  wire. 

g.  If  the  ratio  of  the  thickness  of  the  gutta-percha  to  that  of 
the  copper  wire  is  the  same  in  both  cables,  and  if  the  lengths  are 
also  the  same,  then,  according  to  (9),  the  times  of  charge  vary  in- 
versely as  the  square  of  the  radius  of  the  copper  wires  employed. 

h.  If  the  ratios  of  the  thickness  of  the  gutta-percha  to  that  of 
the  copper  wire  are  the  same  in  both  cables,  and  the  copper  wires 
are  equally  thick,  then,  according  to  (10),  the  times  of  charge 
vary  directly  as  the  squares  of  the  lengths  of  the  cable. 

With  the  help  of  these  laws,  it  is  easy  to  deduce  from  the 
measured  charge  and  retardation  of  one  submarine  cable  the 
amount  of  the  charge  and  retardation  of  another. 

To  calculate  the  speed  with  which  telegraphic  signals  can  be 
sent  through  a  certain  line,  another  condition  arises — the  forma- 
tion of  electric  waves  in  the  wire  of  the  cable  which  Faraday  first 
observed.  As  follows  from  the  above  the  charge  of  the  whole 
wire  precedes  the  appearance  of  the  current  in  the  measuring  or 
telegraph  instruments  placed  at  the  further  end  of  the  line. 

But  if  the  connection  with  the  line  of  the  free  pole  of  one  of 
the  batteries,  the  other  pole  of  which  is  to  earth,  is  interrupted. 
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before  the  corrent  has  commenced  at  the  end  of  the  line,  the 
static  electricity  prcviouslj  collected  in  the  wire  extends  over  the 
whole  wire,  and  the  corrent  commences  in  the  measuring  instru- 
ment after  a  certain  time^  although  the  battery  is  no  longer 
operative. 

If  the  battery  is  reversed,  instead  of  being  interrupted,  then 
the  part  of  the  line  lying  nearest  to  the  battery  is  charged  with 
opposite  electricity. 

The  electricity  still  present  in  the  distant  portions  of  the  line 
from  the  preceding  charge  flows  in  both  directions,  and  therefore 
partly  through  the  instrument,  but  it  partly  unites  with  the 
opposite  electricity,  which  follows  it  from  the  battery.  An 
electric  wave  is,  therefore,  as  it  were  formed  which  is  consumed 
bj  degrees  by  the  following  opposite  one,  but  still  moves  on  to 
the  end. 

In  this  way  any  number  of  progressive  waves  can  be  formed  in 
tiie  Yfm  by  rapid  reversals  of  the  battery,  which  set  the  telegraph 
instruments  inserted  at  the  end  in  motion,  if  they  are  still  suffi- 
ciently strong,  when  they  reach  the  end  of  the  line. 

If  the  currents  following  one  another  are  all  of  the  same 
strength  and  duration,  then  with  long  lines  a  considerable  number 
of  such  waves  can  be  made  use  of.  But  when  long  and  short 
currents  alternate,  then  the  short  waves  are  easily  wiped  out  by 
those  that  precede  and  follow,  either  entirely,  or  at  least  so  far  as 
r^rds  the  practically  useful  amount. 

THE  SUBMARINE   KEY. 

The  submarine  key  is  employed  to  forward  messages.  The  key 
hitherto  used,  which  is  shown  diagrammatically  in  Fig.  7G,  con- 
sisted of  a  small  lever  D  movable  around  1,  which  was  usually 
pressed  by  means  of  a  spring  against  the  contact  2,  the  position 
of  rest.  In  this  position  the  line  L  was  in  connection  with  the 
relay  6,  and  the  earth  E. 

But  if  the  lever  D  was  pressed  down  the  connection  with  the 

relay  was  broken  in  the  first  place,  and  then  by  means  of  the 

contact  8,  the  working  contact,  the  battery  K  was  inserted  in 

place  of  the  relay. 

A  short  pressure  of  the  key  gave  a  dot  at  the  other  station,  a 
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longer  one  on  the  contrary  a  dash.  The  signals  were  eonseqaentlr 
composed  of  dots  and  dashes. 

If,  however,  underground  lines  are  used,  then  on  the  insertion 
of  the  battery  the  cable  is  charged  at  the  same  time. 

If  therefore  after  the  key  was  previously  pressed  down  connec- 
tion is  again  made  with  2,  the  discharge  current  must  take  its 
way  through   the  relay,  which  is  quite  incompatible  with  the 


Fig.  76. 


Fig.  77. 


certain  regular  action  of  the  relay  as  well  as  with  the  principle  of 
translation. 

The  conditions  fulfilled  by  the  submarine  key  constructed  by 
Siemens  and  Halske  are  to  be  seen  from  the  diagram  of  Fig.  77. 
If  the  line  L  is  in  contact  with  the  point  «],  the  relay  6  is 
inserted  for  the  reception  of  messages ;  if  on  the  contrary  the 
line  is  in  contact  with  the  point  s^,  the  key  D-is  inserted  for  the 
despatch  of  messages,  and  the  relay  is  quite  protected  from  dis- 
charge currents.  If  in  this  position  the  key  is  depressed  on  to 
contact  8,  a  positive  current  passes  into  the  line  from  the  battery 
(  +  K) — the  working  battery — if  on  the  contrary  the  key  rests 
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on  ooDtact  2,  a  negstive  carreot  passes  into  the  lioe  from  the 
battery  ( -  K) — the  opposed  battery. 

The  arraDgement  therefore  ia  the  same  as  already  explained  in 
Fig.  7C,  with  the  additional  advaatoge,  that  for  the  despatch  of 
meesoges  not  only  galvanic  carrents  of  opposite  direction,  bat  also 
at  the  same  time  dischai^g  cnrrente  of  the  same  direction  are  used. 

Ia  order,  however,  that  the  last  discharge  on  finally  restoring 


the  connection  with  s^,  may  not  be  sent  through  the  relay  6,  on 
the  way  to  s,,  connection  is  first  made  with  the  contact  «„  which 
is  in  connection  with  earth,  and  in  this  way  the  charge  is  led  off 
direct  to  the  earth. 

It  was  previonsly  mentioned,  that  with  long  submarine  cables, 
the  dots  before  or  after  dashes,  and  especially  the  dots  between 
two  dashes  often  did  not  appear.  Hence  the  necessity  arose,  in 
this  case  to  make  dots  so  placed  longer  than  usual  with  overhead 
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lines,  in  which  case  one  is  in  the  position  to  speak  through  long 
submarine  cables,  at  double  the  speed  previously  possible.  Pig.  78 
gives  a  perspective  view  of  the  key  seen  from  the  front.  The 
bearings  hh,  in  which  the  key  c  lies,  can  be  turned  horizontally 
about  the  axis  l^;  it  is  permanently  connected  with  the  ter- 
minal 1,  which  is  intended  to  take  the  leading  wire,  and  with  the 
spring  i  lying  in  front,  and  besides,  in  its  position  of  rest,  the  body 
of  the  key  is  pressed  against  the  contact  »i  by  means  of  a  spring. 
This  contact  s^  is,  however,  in  conductive  connection  with  ter- 
minal 4,  and  this  again  with  the  relay  and  earth.  Under  these 
circumstances  the  connections  are  exactly  the  same  as  when  in 
Fig.  77  the  conductor  is  brought  into  contact  with  the  point  s^. 
If  in  this  position  of  rest  it  were  desired  to  press  down  the  knob 
of  the  key  this  would  not  be  possible,  as  the  lever  C  is  exactly 
over  a  small  stop  g^  placed  on  the  plate  g. 

In  this  position  of  the  key  therefore  the  relay  is  in  circuit,  and 
the  apparatus  fitted  for  receiving  messages  from  without. 

If,  on  the  contrary,  messages  are  to  be  despatched,  the  arm  c  has 
first  to  be  pressed  to  the  left ;  by  this — 

1.  The  contact  at  Sj  is  intemipted,  t.«.,  the  relay  is  put  out  of 
circuit. 

2.  Two  insulated  knobs  fixed  on  the  body  of  the  key  press  the 
spring  8^  which  rests  on  the  plate  A;,  against  the  contact  m;  this 
contact  m  is,  however,  in  connection  with  the  terminal  2,  and 
this  again  with  the  opposed  battery  (  -  K)  and  earth. 

Therefore  by  turning  the  key  to  the  left,  the  relay  is  cut  out, 
and  the  opposed  battery  put  in  circuit. 

But  if  now  the  key  is  pressed  down  it  leaves  the  upper  contact, 
and  comes  on  to  the  bottom  contact  w,  t.  e.,  the  opposed  battery 
(  -  K)  is  interrupted,  and  the  working  battery  (+  K)  closed. 

The  case  is  therefore  the  same,  as  though  in  diagram  77  line  L 
were  connected  with  the  point  s^  and  the  key  D  were  then  pressed 
down. 

But  in  order  lastly  after  releasing  the  key  to  discharge  also  the 
conducting  wire,  on  its  recoil  from  contact  s^  a  point  on  the  key 
strikes  against  a  spring  ^3,  which  is  in  conductive  connection 
with  the  earth  through  the  terminal  5  not  shown  in  the  figure.* 

*  Compare  diagram  of  the  key  in  fig.  89,  p.  174. 
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The  play  of  the  spriog  t,  and  its  relation  to  the  front  contact 
is  specially  shown  in  Fig.  78. 

As  a  rule  in  working  with  this  submarine  key  it  is  to  be  ob- 
served: 

1.  That  one  must  never  stand  immediately  in  front  of  the  key, 
but  always  sideways  about  2  feet  to  the  left,  for  in  this  position 
the  telegraphist  naturally  draws  the  lever  of  the  key  to  the  left, 
therefore  the  finger  is  not  easily  fatigued  by  the  pressure  of  the 
spring ; 

2.  that  the  key  must  be  securely  pressed  up,  so  that  the 
opposed  battery  may  safely  work,  and 

8.  that  this  upward  pressure  must  not  be  forgotten,  when  it  is 
finally  required  to  release  the  key  at  the  completion  of  the  work 
in  order  to  receive  messages  from  the  other  station. 

4.  Alterations  in  the  play  of  the  key  are  to  be  altogether 
avoided,  as  an  interruption  of  the  relay  may  easily  arise  therefrom. 

THE  POLARIZED  RELAY. 

The  relay  is  a  very  sensitive  auxiliary  instrument  for  the 
writing  apparatus.  If  it  were  desired  to  insert  the  latter  directly 
in  the  circuit  in  order  to  receive  messages,  with  very  long  lines 
t^o  weak  a  current  would  arrive  to  set  the  apparatus  at  work.  It 
is  otherwise  with  the  relay ;  its  electro-magnet  is  so  sensitive  that 
extraordinarily  weak  currents  are  able  to  attract  its  armature. 

But  if  this  happens,  a  local  circuit  is  thereby  immediately 
closed,  in  which  then  by  means  of  a  powerful  local  battery,  the 
inserted  writing  apparatus  can  easily  be  set  in  action. 

The  relay  constructed  by  Siemens  and  Halske  differs  very 
materially  from  those  hitherto  used.  Fig.  79  shows  the  instru- 
ment in  section.  Fig.  80  a  plan  of  it  seen  from  above. 

The  vertical  electro-magnet  has  two  limbs  joined  as  usual  by 
means  of  the  connecting  armature  A.  The  windings  of  those 
electro-magnets  end  in  the  terminals  1  and  2.  The  steel  magnet 
N8  bent  upwards  is  screwed  to  the  connecting  armature.  N  is 
its  north  pole.  The  steel  magnet  gives  both  the  connecting 
armatare  A^  as  well  as  both  legs  and  poles  of  the  electro- 
magnet E,  a  northern  polarity  ;  on  the  south  pole  S  of  the  steel 
magnet,  underneath  the  bearing  B,  the  iron  tongue  0,  which 
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mast  cooBeqaently  also  have  sonth  polarity,  is  bo  arranged  that 
it  caa  readily  move  between  the  two  north  poles  n,  n,  of  the 
electro-magnet.  ThJB  motion  a  hmited  by  the  screw  pointe  D 
and  D, ;  if  the  screw  D  is  turned  from  right  lo  left,  the  space 
for  the  play  ig  greater,  if  in  the  opposite  direction  smaller.  The 
screw  D  serves  as  a  contact  screw ;  if  the  tongne  C  strikes  against 

Fig.  79. 


it,  tlie  local  circuit  is  thereby  closed,  in  which  are  the  writing 
apparatna  and  local  battery. 

The  screw  D,  has  a  stone  point,  if  the  tongue  G  lies  against 
this,  the  local  circnit  is  interrupted. 

A  and  B  are  the  termimds  of  the  latter  circuit.  It  follows  from 
what  has  been  said  that  the  south  m^^etic  tongue  C  cannot  be 
attracted  by  either  of  the  north  magnetic  poles  n  n  of  the  electro- 
magnet when  it  lies  exactly  between  the  two  ;  if  it  does  not  do 
this,  however,  it  ia  always  attracted  by  the  nearest  lying  pole. 

As  above  described,  for  the  despatch  of  a  message  galvanic  cur- 
rents of  an  opposite  direction  arc  used.  If  the  key  is  asstuned  in 
the  first  place  to  be  depressed,  a  positive  current  passes  through  the 
conductor  and  the  relay.  This  positive  cnrrent  considered  in  itself 
has  the  tendency  to  make  one  of  the  poles  n  n  north  magnetic  and 
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the  other  Bontb  magnetic.  But  as  both  poles  were  already  pre- 
TioQsly  north  magaetic  through  the  action  of  the  ateel  magnet  N  S, 
then  b;  the  additional  galvanic  action  the  north  magnetism  of  one 

Fig.  80. 
LA 


of  the  poles  n  is  still  farther  strengthened,  the  north  magnetism  ol 
the  other  on  the  contrary  weakened,  and  on  this  account  the  first 
pole  n  will  more  powerfully  attract  the  tongue  C.  The  tongue  C 
therefore  will  be  drawn  to  the  contact  D  and  remain  there  as  long 
as  the  key  is  pressed  down. 
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But  if  by  raising  the  key  the  oppositely  directed  current  of  the 
opposed  battery  is  sent  through  the  electro-magnet  of  the  relays 
the  conditions  are  reversed,  then  the  other  pole  n  is  preponderat- 
ingly  north  magnetic,  and  now  attracts  the  south  m^netic  tongue 
0  against  the  contact  stone  D^,  until  the  key  is  ^ain  depressed. 

If  it  is  desired  to  work  without  an  opposed  battery,  then  the 
tongue  C  must  rest  on  the  insulating  contact  Dj,  when  the  key  is 
not  pressed  down. 

One  pole  of  the  electro-magnet  therefore  takes  the  place,  which 
in  the  former  relay  was  taken  by  the  puUing-off  spring.  When 
with  strong  currents  the  puUing-off  spring  would  have  had  to  be 
strongly  stretched,  in  this  case  the  tongue  C  is  placed  nearer  this 
pole,  when  with  weak  currents  the  puUing-off  spring  would  have 
had  to  be  slightly  stretched,  the  tongue  has  to  be  removed  farther 
off.  The  screw  E  serves  for  this  purpose,  being  turned  in  the 
first  case  from  left  to  right,  and  in  the  latter  case  from  right  to 
left.  The  backward  prolongation  C  of  the  tongue  only  serves  for 
moving  the  latter  by  hand,  which  is  of  practical  importance  for 
the  control  and  regulation  of  the  relay. 

THE  COMMUTATOR. 

Should  the  galvanic  current  circulate  round  the  relay  in  the 
opposite  direction  to  what  was  assumed  above  as  the  correct  direc- 
tion, then  if  only  one  battery  is  used  that  pole  n  which  in  the 
position  of  rest  already  preponderatingly  attracted  the  tongue 
would  only  attract  this  all  the  more  ;  an  endeavour  to  move  the 
tongue  to  the  other  pole  7i,  would  therefore  not  be  possible  not- 
withstanding the  action  of  the  current  in  this  case.  But  if  two 
batteries  are  used,  then  on  depressing  the  key  the  tongue  would 
move  against  the  insulating  contact,  and  on  releasing  against  the 
working  contact,  one  would  therefore  get  writing  where  spaces 
should  be. 

In  one  case  one  obtains  thereby  hardly  any,  in  the  other  case 
however  so-called  inverted  writing. 

To  obviate  such  contingencies,  a  commutator  (Gyrotrope)  is 
placed  before  the  relay,  by  the  help  of  which,  by  turning  a  handle* 
the  current  can  be  so  directed  that  a  correct  attraction  of  the 
tongue  must  instantly  take  place. 
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The  commutator  is  Bhown  in  Fig.  81  in  plan  and  side  view. 
AboTe  the  base  a  there  is  onlj  seen  the  lever  d  with  the  handle  at 
the  end,  and  on  the  latter  the  steel  spring  6, — e  e  are  two  etopa  for 
Jimiting  the  motion  of  the  handle  ;  the;  are  dietii^ipiished  hj  1 
and  2.  When  the  handle  comes  against  these  stops  the  peg  h 
catches  in  the  hole  g  and  thns  holds  the  handle  fast.  If  it  is 
deaired  later  to  hring  the  handle  againat  the  other  stop,  the 


spring  61  mnst  first  be  raised,  by  which  the  peg  h  is  raised  oat  of 
the  hole  ff. 

The  conunntator  arrangement  lies  nnder  the  base  a.  It  consists 
oTi  contact  pieces  1-4,  each  two  of  which  are  pressed  against 
the  metal  rings  e,,  e  by  means  of  springs//. 

The  two  metallic  rings  are  fixed  on  an  ebonite  disc  b,  which  is 
therefore  insniating,  and  which  is  moved  tt^ther  with  the  two 
metal  rings  by  the  handle  d  placed  above  the  base. 

Assnming  the  relay  to  be  connected  up  between  Uie  terminals  2 
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and  3  the  line  to  terminal  1  and  the  earth  to  terminal  4,  then  in 
position  2  the  metal  ring  Cj  would  connect  the  terminals  8  and 
4,  c  the  terminals  1  and  2,  therefore  the  arriving  current  would 
take  the  course  (Fig.  82). 

L.  1  .  C.  2.(1  .R.2  .)3.  C1.4.E. 

In  position  1  on  the  other  hand,  the  metal  ring  c  will  connect 
the  terminals  8  and  1  and  C^  the  terminals  2  and  4,  and  therefore- 
the  arriving  current  will  take  the  course  (Fig.  88). 

L.  1  .  C.  3(2.  E.  1)  .2  .  C1.4.E. 
In  the  first  case,  therefore,  the  current  would  enter  the  relay  on 


the  right  by  1,  and  in  the  latter  case  on  the  left  by  2,  which  is- 
what  was  aimed  at. 

The  commutator  described,  differs  however  from  those  generally 
used  very  advantageously,  because  during  the  revei'sal  no  appreci- 
able interruption  of  the  line  can  take  place. 


THE   WRITING  APPARATUS. 

The  writing  apparatus  must  before  all  things  make  the  signals 
sent  by  the  key  legible  at  the  other  station  ;  it  must  also  during 
translation  take  the  place  of  the  submarine  key,  and  finally  must 
itself  set  in  motion  the  clockwork  necessary  for  moving  the  paper 
strips  and  stop  it  again. 

The  so-called  polarized  inker  manufactured  by  Siemens  and 
Ualske  fulfils  all  these  requirements,  it  consists  of  the  ibllowing 
principal  parts : — the  clockwork,  the  printing  magnets,  and  the 
automatic  release  with  commutator. 
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Fig.  84. 
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Fig.  84  ghoiTs  the  front  of  this  apparatne,  and  Fig.  85  the 
back  view  but  more  from  above. 

THE   CLOCKWORK. 

The  clockwork  is  placed  inside  the  apparatoa.    Only  a  portion  is 
to  l>e  seen  in  Pig.  85. 

The  object  of  the  clockwork  is  to  impart  rotary  motion  to  the 


friction  rollers  6  and  the  inking  diBc  J.  If  the  roller  G  revolves, 
the  roller  G,  which  is  pressed  against  it  by  a  spring  ia  made  to 
revolve  with  it,  and  a  paper  strip  A  laid  between  the  two  rollers  is 
gradually  drawn  throagh. 

On  the  inking  disc  J  lies  the  roller  K,  easily  movable  around  ita 
axis.  The  claw-shaped  bearing  L  of  this  axle  grips  the  screw  M  ; 
the  latter  finally  is  pushed  over  an  axle  fixed  to  the  side  of  the 
apparatus.  When  now  the  inking  disc  J  turns,  the  ink  roller  K 
which  presses  with  its  weight  on  the  inking  disc  turns  in  couse- 
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qaence,  and  so  moistens  the  edge  of  the  ink  disc  with  ink.  The 
ink  roller  is  movable  by  turning  the  screw  M,  so  as  to  bring  the 
hitherto  nnused  part  of  the  circumference  into  contact  with  the 
ink  disc. 

The  ink  roller  can  be  removed  from  its  axis,  as  soon  as  the  little 
slider  P,  lying  on  the  head  of  the  screw  M,  is  pushed  out. 

The  clockwork  itself  does  not  differ  in  other  things  materially 
from  the  works  hitherto  used.  The  drum  0  (Fig.  85)  is  turned  by 
means  of  a  strong  internal  spring,  in  consequence  of  which  a  com- 
bination of  wheels  and  pinions,  and  finally  also  the  rollers  6  and  J 
are  set  in  rotary  motion.  In  order  that  the  clockwork  may  go 
regularly,  a  fly-wheel  is  provided  ;  if  it  is  to  stand  still,  the  slider 
is  pushed  to  the  right  by  which  the  spring  /,  presses  on  the  little 
ivory  roller  g^  and  thereby  stops  the  clockwork. 

When  the  clockwork  has  to  be  wound  up,  the  winding-up  key 
is  turned  to  the  left. 

THE  PAPER  GUIDE. 

The  paper  guide  can  be  plainly  seen  from  Fig.  84.  The  paper 
roller  T  turns  on  an  axle  Y  fixed  to  the  pillar  U.  The  paper  lies 
between  the  two  sides  T  and  Tj  of  the  roller.  The  end  of  the 
paper  passes  first  between  the  pins  hhhy  then  between  the  print- 
ing spring  d  and  the  ink  disc,  and  finally  alter  the  friction  roller 
G  is  raised,  is  also  led  between  the  two  friction  rollers. 

If  new  paper  has  to  be  inserted,  the  side  piece  T  of  the  paper 
roller  is  unscrewed  by  turning  to  the  left,  the  new  roll  of  paper  is 
laid  in,  and  then  the  side  piece  is  carefully  screwed  on  again. 

THE  PRlNTINa  MAGNET. 

The  printing  magnet  is  constructed  in  the  same  way  as  that  of 
the  relay.  The  legs  E  E  of  the  electro-magnet  are  in  this  case 
horizontal  In  Fig.  85,  the  armature  A  and  the  north  pole  N  of 
the  steel  magnet  are  to  be  seen,  in  Fig.  84  the  bent  up  south  pole 
S  of  the  steel  magnet.  Here  also  are  to  be  seen  the  two  poles 
N,  Xi,  of  the  electro-magnets  which  become  north  magnetic  by 
induction. 

The  printing  lever  C  moves  between  these  poles  about  the 
axis  B,  the  contact  screws  D  and  Dj,  limit  this  motion.    On  the 
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other  side  the  printing  spring  d  is  fixed  to  the  printing  lever. 
The  pole  Ni  of  the  electro-magnet  here  takes  also  the  place  of  the 
pulling  off  spring ;  for  strong  currents  it  stands  nearer  to  the 
printing  lever  than  for  weak.  The  adjustment  necessary  for  this 
purpose  is  effected  by  means  of  the  screw  F,  accordingly  as  it  is 
turned  to  the  right  or  left.  If  a  galvanic  current  passes  through 
the  windings  of  the  printing  magnet,  then  the  attractive  force  of 
the  pole  N  is  strengthened,  that  of  the  pole  N^,  weakened,  the 
printing  lever  therefore  moves  towards  the  pole  N,  the  printing 
spring  d  rises,  and  presses  the  paper  strip  h  lying  above  it^  against 
the  ink  disc  J  moistened  with  printer^s  ink. 

If  the  latter  moves  after  the  starting  of  the  clockwork,  a 
dot  or  dash  appears  upon  the  paper  strip,  accordingly  as  the 
printing  spring  presses  for  a  shorter  or  longer  time  against  the 
ink  disc,  in  consequence  of  the  action  of  the  galvanic  current. 

The  mechanism  of  printing  has  only  come  into  greater  use  in 
recent  times.  Already  in  the  year  1854  there  was  working  in  the 
central  station  at  Vienna,  apparatus  with  ink  printing  according 
to  the  designs  of  John,  assistant  engineer  at  that  place.  The 
process  there  applied  is  copied  in  its  essentials  in  the  above- 
described  apparatus. 

THE    AUTOMATIC    RELEASE. 

The  mechanism  of  the  automatic  release  has  for  object  the 
starting  of  the  clockwork  without  the  use  of  the  slider  knob  Q  at 
the  beginning  of  a  message,  and  the  stopping  it  on  its  completion. 
Fig.  85  shows  the  details  in  perspective. 

Close  up  to  the  printing  magnets  there  is  placed  a  second  small 
electro-magnet  m,  the  releasing  magnet,  which  is  in  the  same 
circuit  as  the  first ;  one  and  the  same  galvanic  current  therefore 
suffices  to  energize  both  electro-magnets.  The  armature  Jc  of  the 
releasing  magnet  is  fixed  to  the  releasing  lever  /,  which  turns  on 
the  axis  e.  At  the  other  end  of  the  releasing  lever  is  placed  the 
friction  spring  /i,  which  in  the  position  of  rest — t.  ^.,  when  the 
armature  Ic  is  not  attracted — ^presses  on  the  little  ivory  roller  g 
lying  under  it,  and  so  stops  the  clockwork,  in  the  same  way  as 
if  the  spring  /,  were  to  be  pressed  by  sliding  knob  Q  on  the  ivory 
roller  g^    The  pressure  of  the  spring /i  is  regulated  by  a  weight. 
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AjBsaming  that  the  annatare  k  is  attracted,  the  spring  f^  rises 
from  the  ^heel  g^  and  the  clockwork  starts ;  at  the  same  time, 
however,  the  shoe  n,  which  lies  to  the  side  of  the  pressing  weight, 
and  is  shown  in  detail  in  Fig.  86,  assumes  a  perpendicular  posi* 
tion,  so  that  the  heel  dances  on  the  rotating  drum  lying  below  it 
so  long  as  the  message  continues.  But  if  the  latter  ceases  the 
shoe  in  consequence  of  friction  is  again  moved  sideways  along 
with  the  drum;  in  consequence  of  this  the  friction  spring /^ 
falls  again  on  to  the  roller  g^  and  the  clockwork  is  stopped.  If 
the  knob  Q  projecting  from  the  upper  plate  shown  in  Fig.  84  is 
pressed,  the  armature  k  is  thereby  pressed  down,  and  the  clock- 
work also  released. 

Fig.  86. 


THE    TRANSLATION  ;     THE  WRITING  APPARATUS  AS 

SUBMARINE  KEY. 

If  we  assume  the  case,  that  a  message  is  not  only  to  be  sent  to 
the  nearest  station  but  also  to  several  further  stations  then  at  all 
the  intermediate  stations  the  second  apparatus  would  have  to  give 
out  again  the  message  received  by  the  first  apparatus,  i,e,y  the 
key  of  the  second  apparatus  would  have  to  be  depressed  by  the 
telegraphist  just  as  often  and  as  long,  as  the  printing  lever  of 
the  receiving  apparatus  is  attracted  by  the  current.  Hence  the 
printing  apparatus  can  also  be  employed  for  the  translation  of 
messages  as  soon  as  it  is  connected  up  in  place  of  the  key  in  the 
continuation  of  the  line,  and  is  so  arranged  that  it  fulfils  altogether 
the  conditions  of  the  submarine  key  shown  in  Fig.  77. 

Fig.  87  shows  this  diagram  transferred  to  the  writing 
levers.    L^  and  L,  are  the  incoming  and  outgoing  lines.    If  the 
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relay  G^  of  the  receiving  apparatus  is  brought  into  use,  the  local 
battery  I  is  also  closed  and  the  printing  apparatus  H^  attracted, 
whilst  the  printing  lever  moves  from  stop  2  to  stop  3.  To  the 
first  stop  the  opposed  battery  is  connected  up,  to  the  second  the 
working  battery.  If  now  the  printing  lever  is  connected  with 
the  outgoing  line  L,  by  putting  the  handle  I  on  8^,  then  when  the 
printing  lever  H^  lies  against  the  stop  2,  a  negative  current  cir- 
culates in  the  line  L,  in  the  direction  (  -  E),  PI,  earth,  opposite 
apparatus,  L,,  Z,  ^2,  H^  ( -  E),  but  if  the  printing  lever  H^  is 
attracted  to  the  stop  3,  a  positive  current  circulates  in  the  line  L^ 
in  the  direction  ( +  E),  3,  H^,  s^,  I,  L,,  opposite  apparatus,  earthy 
Pl(  +  E). 

Fig.  87. 


Hence  the  printing  apparatus  will  automatically  send  all  signals 
that  it  receives  to  the  apparatus  at  the  next  station. 

As  moreover  the  line  is  not  in  contact  with  the  point  s^,  the 
discharges  are  not  able  to  pass  through  the  relay.  Suppose,  How- 
ever, that  the  relay  is  again  inserted  for  the  receipt  of  a  message 
by  moving  the  handle  from  ^2  to  ^i,  the  handle  I  strikes  the  earth 
contact  a,  on  its  way,  and  the  line  is  thereby  discharged,  before  it 
has  come  into  contact  with  the  relay. 

In  Fig.  87  it  was  only  shown  diagrammatically,  what  conditions 
the  printing  apparatus  had  to  fulfil  as  a  submarine  key. 
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Actnally  the  switching  over  by  hand  by  means  of  the  lever  I 
could  scarcely  be  done  in  time  and  with  sufficient  certainty. 

With  the  printing  apparatus  manufactured  by  Siemens  and 
Halske,  therefore,  this  is  effected  by  the  apparatus  itself  without 
the  assistance  of  the  operator.  At  the  back  of  the  apparatus  there 
moves  on  the  axis  ^,  besides  the  releasing  lever  /,  lying  on  the 
inside,  the  commutator  lever  I  (Fig.  85).  In  the  position  of  rest 
this  lever  lies  on  the  contact  screw  s^  which  is  in  connection  with 
the  relay ;  if  the  armature  of  the  small  electro-magnet  m  is 
attracted,  the  commutator  lever  lies  on  the  contact  screw  s^y 


Fig.  88. 


which  is  conductively  connected  with  the  printing  lever.  The 
lever  arm  I  effects  therefore  the  positions  8^  and  ^2  of  the  handle  I 
in  the  diagram  Fig.  87,  but  not  the  position  ^3  for  the  discharge 
of  the  line ;  this  latter  is  brought  about  by  the  shoe  piece  n. 

The  shoe  piece  is  insulated  in  front  at  the  toe  and  at  the  heel, 
but  not  in  the  middle  of  the  sole ;  therefore  in  the  position  of 
rest  or  motion  no  conducti7e  connection  takes  place  between  the 
shoe  piece, «.«.,  the  lever /and  the  drum  0,  But  as  soon  after  the 
conclusion  of  the  message  as  the  shoe  piece  slides  sideways,  then 
the  conducting  portion  of  the  shoe,  cross  hatched  in  Fig.  86, 
comes  into  connection  with  the  insulated  platinum  ring  o,  of  the 
drum  and  through  the  spring  8^  also  with  the  earth.    Only  later, 
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after  the  insulating  toe  of  the  shoe  lies  on  the  dram,  is  the  con- 
nection of  the  lever  I  finally  made  with  the  screw  «i,  t. «.,  with  the 
relay. 

In  this  case  the  diagram  would  stand  as  in  Fig.  88. 

In  the  position  of  rest  the  direction  of  the  current  would  be 
the  following  : — 

L],  \^  9^,  G2,  PI,  earthy  opposite  station,  L,. 

The  relay  is  therefore  in  circuit.  But  if  the  writing  apparatus 
Hi,  and  therefore  also  the  releasing  magnet  m  is  attracted  by  the 
line  Lj,  the  latter  will  throw  the  lever  ^  against  the  contact  «, 
and  at  the  same  time  interrupt  the  relay  circuit  at  a^,  then  the 
following  is  the  direction  of  the  current  ( +  K),  8,  printing  lever 
Hi,  «2,  Zi  La,  opposite  apparatus,  earth,  PI  (+K)i,  and  when  the 
printing  lever  touches  contact  2  the  direction  is:  (— K),  PI, 
earth,  opposite  station,  Lj,  \^  s^,  printing  lever  H ,  2  C  —  E). 

If,  finally,  the  conducting  sole  of  the  shoe  lies  on  the  platinum 
ring  0,  of  the  drum,  then  the  connection  is 

Lj,  71,  (?i,  9^  PI,  earth. 

THE   TRANSLATING  SPRING. 

From  what  has  been  said  it  follows  that  with  translation,  the 
closing  of  the  working  and  opposed  batteries,  or  the  so-called 
line  batteries  is  effected  by  the  printing  lever,  and  that,  when  any 
number  of  intermediate  stations  join  themselves  up  for  translar 
tion,  a  message  can  be  sent  throughout  without  the  assistance  of 
the  operator.  But  a  difficulty  that  occurs  has  not  yet  been  con- 
sidered. When  the  printing  lever,  in  consequence  of  the  action 
of  the  current,  passes  from  the  upper  stop  2  to  the  lower  3,  a 
certain  time  is,  however,  lost  as  regards  the  actual  attraction  of 
the  armature,  and  therefore  also  as  regards  the  length  of  the 
signals  on  the  paper.  The  printing  lever  will,  therefore,  remain 
dow^n  a  shorter  time  than  the  key  was  pressed  down  at  the  sending 
station.  But  this  is  repeated  at  each  consecutive  station,  so  that 
finally  when  many  translations  take  place  the  original  signals  must 
be  sent  very  slowly,  so  that  at  the  last  station  signals  may  appear 
which  are  at  all  legible. 
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This  disadvantage  is  fally  overcome  in  the  translating  spring  e 
(Fig.  84)  designed  by  Siemens  and  Halske,  which  lies  below  the 
printing  lever,  directly  over  the  stop  3  ;  as  soon  as  the  printing 
lever  sinks  somewhat  on  being  attracted,  this  spring  already 
tenches  the  contact  3,  later  on  if  the  printing  lever  rises  again* 
the  spring  remains  nevertheless  for  a  certain  time  stationary  and 
leaves  the  contact  only  at  the  last  moment. 

By  the  use  of  this  spring  the  telegraphist  therefore  need  not 
take  any  notice  of  the  time  of  the  attraction,  the  same  length  of 
signal  which  was  had  in  view  at  the  place  of  despatch  will 
distinctly  appear  at  the  arrival  station,  if  charging  phenomena 
do  not  produce  any  modifying  effect. 

THE  MUTUAL  CONNECTION  OP  THE  PARTS  OP  THE  APPARATUS 

AND  BATTERIES  ANB  THEIR  ACTION. 

Whilst  in  what  has  preceded  all  the  parts  of  the  telegraphic 
appliances  have  been  separately  described  with  respect  to  con- 
struction and  use  it  yet  remains  to  make  clear  the  connection 
of  all  the  parts  as  a  whole  and  to  explain  their  working  in  this 
combination. 

The  principles  kept  in  view  were  : — 

(a)  The  greatest  possible  simplicity  and  facility  for  inspection 
in  the  arrangement. 

(b)  Perfect  similarity  of  all  apparatus  and  connections. 

(c)  Special  selection  and  work  as  regards  unusual  transport  and 
climatic  inflnences. 

(d)  Simple  service  and  safe  performance  of  the  apparatus^ 
having  regard  to  particular  exigencies. 

(e)  Manifold  application  of  the  apparatus,  so  that  at  inter* 
mediate  stations  each  apparatus  can  be  joined  up  to  the  line  aa 
end,  translating  or  simple  intermediate  apparatus. 

In  accordance  with  the  above  requirements,  the  parts  of  the 
submarine  apparatus  are  iixed  not  on  a  wooden  but  on  a  slate 
base,  and  besides  wherever  practicable  wood  and  iron  are  carefully 
avoided. 

To  make  the  apparatus  easy  of  installation  even  by  an  unskilled 
person  all  the  connections  are  already  fully  arranged  under  the 
slate  base,  and  besides  the  usual  weight  for  the  printing  apparatus 
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is  replaced  by  a  spring.    The  terminials  of  all  apparatus  are 
marked^  those  terminals  lying  in  the  local  circuit  with  consecu- 


Fi«.  89. 


tive  letters,  those  in  the  line  circuit  with  consecutiTe  Arabic 
iigures. 
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THE  OOUBSB  OF  THE  CUERENT. 

In  order  to  be  able  to  follow  easily  and  surely  the  direction  of 
the  current  and  the  resulting  actions  for  the  different  ways  of 
connection,  all  the  parts  and  connections  are  diagrammatically 
brought  together  in  Rg.  89. 

In  this 

A  is  the  lightning  discharger. 

B  the  galyanoBcope. 

C  the  translation  commutator. 

D  the  submarine  key. 

F  the  current  commutator. 

(t  the  relay. 

H  the  printing  apparatus. 

M  the  interrupter. 

The  terminals  on  the  apparatus  are  represented  by  circles, 
those  on  the  base  by  rectangles.  Moreover  all  connections 
belonging  to  the  translation  are  shown  by  unbroken  lines,  and 
all  for  the  local  circuit  by  dotted  lines,  whilst  by  double  lines  and 
broken  lines  formed  of  strokes  and  dots  the  i*emaining  connec- 
tions for  the  terminal  connection  and  for  cutting  out  the  appa- 
ratus are  shown. 

After  these  preliminary  remarks  some  of  the  most  important 
paths  of  the  current  may  be  more  closely  considered. 

The  apparatus  connected  up  as  terminal  apparatus. 

Both  translation  commutators  stand  at  s. 
Both  current  commutators  stand  at  1. 
Both  interrupters  are  stoppered. 

A. — Apparatus  1  Receives  Messages. 

The  current  sent  from  the  opposite  station  by  means  of  the 
submarine  key  traverses  the  line  L^,  goes  through  the  plate  1  of 
the  lightning  discharger  A  to  the  L  terminal  of  the  apparatus,  to 
the  galvanoscope  (1,  B^,  2)  to  the  translation  conmiutator  C^, 
through  the  stoppered  S  plate  to  the  key  (1,  D^,  4)  to  the  current 
commutator  (1,  F^,  3)  to  the  relay  (1,  G^,  2),  again  to  the  current 
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commutator  (2,  Fj,  4),  to  the  Z  terminal,  to  the  stoppered  inter- 
raptor  Mj,  to  the  E  terminal,  to  the  earth  plate  PI  in  the  earth,, 
and  through  the  same  to  the  battery  of  the  opposite  station. 

In  consequence  of  this  the  tongue  of  the  relay  Gj  is  thrown 
against  the  metal  contact,  and  the  local  circuit  closed  thereby  as- 
follows. 

Local  battery  (Z,  I,  C),  to  the  printing  apparatus  A,  a,  windings 
of  the  releasing  magnets  h,  at  the  same  time  round  the  windings 
of  both  legs  of  the  printing  magnet  B,  to  the  body  of  the  relay 
(A,  tongue  metal  contact  B)  back  to  Z  of  the  local  battery. 

In  consequence  of  this,  as  already  described,  both  piagnets  of 
the  printing  apparatus  are  attracted  ;  the  releasing  magnet  sets 
the  clockwork  free,  and  the  printing  lever  is  attracted,  until  a 
current  in  the  opposite  direction  from  L^,  again  draws  away  th& 
tongue  of  the  relay  from  the  metal  contact. 

B, — ThB  Apparatus  1  Sends  a  Message. 

The  key  D^  is  pressed  sideways,  so  that  the  spring  9,  lies  against 
the  contact  2.  Then  the  opposed  battery  -  K  is  closed  in  the 
following  way : 

(Z,  -  K,  C),  Z,  Ml,  E,  PI,  earth,  relay  of  the  opposite  appa- 
ratus, Li,  to  the  lightning  discharger  A,  (1,  Bi,  2),  (Cj,  S),. 
(1,  Dj,  «a,  2)  back  to  the  battery  -  K. 

A  negative  current  therefoi*e  circulates  through  the  line  and 
through  the  relay  of  the  opposite  apparatus,  the  tongue  of  which 
is  therefore  held  tight  against  the  insulated  contact. 

But  if  the  key  D^,  is  now  pressed  down  the  connection  with  the 
spring  5a  is  broken  and  instead  the  key  lever  is  connected  with  the- 
contact  3,  whereby  the  working  battery  +  K  is  closed  in  the  way 
(Z,  +K,  C),  (8,  Dj,  1),  (S,  CO,  (2,  Bi,  1),  L,  A,  L^,  to  the  relay 
of  the  opposite  apparatus,  to  the  earth  PI,  E,  M^,  Z,  and  back  to- 
the  working  battery  +  K.  A  positive  current  therefore  traverses 
the  line  and  the  relay  of  the  apparatus,  its  tongue  therefore  is 
thrown  against  the  metal  contact  as  long  as  the  key  is  pressed 
down. 

The  printing  apparatus  works  accordingly  just  as  before  described  ► 

If  the  key  now  returns  to  the  position  of  rest  the  above  de- 
scribed discharge  through  the  contact  5,  finally  takes  place. 
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The  Apparaitu  L  and  II.  Translate. 

Both  the  translation  switches  on  T. 
Both  cnrreDt  commatators  on  1. 
Both  intermpters  are  stoppered. 
The  apparatus  start  automatically. 

The  positive  current  from  the  opposite  station  takes  the  dirco- 
tion  Lj,  A,  L,  (1,  B„  2),  (Ci,  T),  I.  to  the  apparatus  II.,  there  I., 
printing  apparatus  K^  there  (1,  /jt  ^i>  ^)i  11*9  Hf  hack  to  apparr- 
tUB  I.,  there  II.,  4,  (1,  F,  3),  (1,  G^,  2),  (2,  F^,  4)„  Z,  M^,  E,  PI, 
earth  back  to  the  battery  of  the  opposite  apparatus. 

It  follows : — 

1.  Thereby  Gi  will  close  the  local  circuit  exactly  as  above  de- 
scribed, and  hence 

2.  Both  magnets  of  the  printing  apparatus  H^  are  attracted, 
the  releasing  magnet  is  released,  the  printing  apparatus  prints  the 
signal. 

8.  If  the  printing  lever  touches  contact  3  the  battery  +  E  is 
dosed  through  the  line  L,  so  that  it  takes  the  direction  (Z,  +  K,  C), 
(3,  Hi,  »„  Z,,  l\  I.,  to  apparatus  II.,  there  I.  (T,  C,),  (2,  B„  1), 
L,  A,  L,,  opposite  station,  back  through  the  earth,  PI,  E,  M^,  back 
to  the  battery  4-  K  ; 

4.  But  if  the  printing  lever  touches  contact  2,  then  quite 
analogously  the  battery  »E  is  closed  through  the  line  L,  in  the 
direction  (Z,  —  K,  C),  Z,  Mj,  E,  PI,  earth,  to  the  opposite  appara- 
tus, through  line  L„  back  to  A,  apparatus  II,  L,  (1,  B,,  2),  (C,T\ 
I ;  to  the  apparatus  I,— there  I.,  (1,  d,  8^  Hi,  2),  back  to  the  Z  of 
the  battery  -  E. 

Therefore,  by  means  of  the  printing  lever,  the  working  and 
opposed  batteries  are  closed  just  as  they  are  at  the  sending  station 
through  the  submarine  key. 

5.  But  whilst  the  releasing  lever  I  brings  about  the  contact  at 
«!,  the  earlier  connection  at  8^  is  broken  and  the  path  from  li  to 
the  relay  G,  for  the  discharge  currents  of  the  batteries  —  E  and 
+E  is  interrupted. 

6.  When  the  translation  is  finished,  or  when  the  releasing  lever 
is  no  longer  attracted,  the  shoe  piece  glides  sideways  on  the  drum, 
makes  earthy  and  so  discharges  the  line.    Finally  the  clockwork  is 

VOL.   II.  N 
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stopped  by  the  end  of  the  releasing  lever  pressing  on  the  friction 
disc  of  the  fly-wheel  axis. 

If  the  speaking  is  in  the  opposite  direction  the  apparatus  work 
in  the  same  manner. 


SIEMENS  AND  HALSKE'S  SINE-TANGENT 

GALVANOMETER* 

Fig.  90  gives  a  perspective  view  of  an  instrument  for  galvanic 
measurement  by  angles,  which  can  be  used  both  as  a  sine  and 
tangent  galvanometer.  The  circular  plate  P  on  which  are  rigidly 
fixed  the  wire  coil  R,  and  the  needle-box  M,  can  be  turned  by  two 
insulated  handles,  of  which  only  one  is  to  be  seen  in  the  figure, 
in  the  plate  Q  provided  with  a  cone.  On  Q  there  is  a  graduated 
circle  and  on  P  the  index  corresponding  to  it.  By  means  of  this 
graduated  circle  the  angles  are  read  in  the  usual  way,  when  the 
galvanometer  is  used  as  a  sine  galvanometer.  In  the  needle-box 
there  is  also  a  graduated  circle  by  which  the  angles  are  read,  when 
the  current  is  to  be  measured  by  the  tangent  of  the  angle  of 
deflection.  The  wire  coil  R  consists  of  about  16  windings  of 
thick  wire,  1"39"™  in  diameter,  which  connects  the  terminals  Ki 
and  Kj,  and  of  about  1050  windings  of  thin  wire  of  0'25^°™  diameter, 
which  connects  the  terminals  K,  and  K^.  The  thick  windings  have 
a  total  resistance  of  less  than  0*1  Siemens'  unit,  whilst  the  thin 
windings  have  a  resistance  of  about  150  Siemens'  units.  If  the 
terminals  Ei  and  K,  are  connected  to  the  poles  of  a  battery, 
the  thick  wire  is  alone  in  circuit,  and  in  the  same  way  the  thin 
wire  is  in  circuit  when  E3  and  E4  are  connected  to  the  poles  of 
a  battery. 

By  drawing  up  the  knob  a  two  pegs  in  the  needle-box  are 
pushed  up,  so  that  the  needle  swings  within  narrow  limits. 

Accordingly  as  the  instrument  is  to  be  used  as  a  sine  or  tangent 
galvanometer,  a  long  or  a  short  magnetic  needle  is  inserted^  both 

•  From  a  communication  by  "VV.  Meyer  to  the  Journal  of  the  Beutsch- 
Oesterr.  Telegr.  Vereins,  Vol.  YII.  p.  106.     1869. 
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needles  are  provided  with  alnminiam  pointers,  which  rcncli  to  the 
inoer  graduated  circles. 

If  the  cnrrenta  to  be  measured  are  so  strong,  that  the  reading 
of  the  angle  is  impossible,  then  only  a  portion  of  it  is  allowed  to 
pass  through   the  instrument,  by  inserting  a  second  1 

Tvg.  90. 


between   the  respective  terminals  oi  the  instrument,  beariDg  a 
certain  proportion  to  the  resistance  of  the  instrument. 

This  combined  sine  and  tangent  galvanometer  is  also  specially 
applicable  for  telegraphic  purposes.  All  the  measurements  in 
laying  the  cable  in  the  Red  Sea  were  made  with  it ;  these  instru- 
ments were  also  used  for  the  current  angle  measurements  on  the 
line. 


i8o 
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PATENT  SPECIFICATION  OP  A  NEW  INKING  AR- 
EANGEMENT  FOR  PRINTING  TELEGRAPHS  WITH 
PRINTER'S  INK.* 

In  the  80-called  inkers  hitherto  used  the  ink  disc  is  covered  with 
printer's  ink,  by  passing  a  roller  over  the  latter,  covered  with  felt 
or  similar  material  and  saturated  with  ink.  In  place  of  this^ink 
roller  we  have  constructed  the  ink  bottle  represented  in  the 
drawing. 

The  capsule  h  provided  with  a  screw  thread  and  having  a  hole 

Fig.  91. 


below  is  fastened  with  cement  to  the  glass  a  (Fig.  91),  and  on 
this  the  ring  c  is  screwed,  the  lower  opening  of  which  is  closed  by 
a  filter  of  felt,  cloth,  &c.  The  ink  bottle  so  arranged  is  fixed  on 
to  the  arm  ^,  and  then  rests  on  the  ink  disc  /.  If,  therefore,  the 
latter  is  set  in  rotation  by  means  of  the  clock  work,  and  if  thin 
ink  is  placed  in  the  glass  a,  then  the  ink  disc  /  is  moistened  by 
means  of  the  damp  partition  wall  d. 
The  advantages  of  our  ink  feeder  over  the  ink  roller  formerly 

•  28th  November,  1860. 


WERNER    VON  SIEMENS.  l8l 

ased  consiat  according  to  the  results  of  a  long  series  of  experi- 
meDts  in  the  following  : — 

1.  The  colour  cannot  dry  up  or  get  covered  with  dust^  as  was 
the  case  with  the  free-lying  roller, 

2.  The  colour  must  therefore  always  remain  thin,  which  could 
not  possibly  be  attained  with  the  ink  roller. 

3.  The  tel^raphist  need  not  take  care  that  the  proper  quantity 
of  colour  is  supplied,  that  is  now  regulated  of  itself. 

4.  For  the  same  reason  the  ink  disc  /  is  always  evenly 
moistened. 

5.  And  hence  the  printing  is  always  even.  It  no  longer 
happens,  that  from  want  of  colour  it  becomes  pale  and  interrupted, 
and  from  a  superfluity  of  colour  blotted^  and  therefore  equally 
indistinct. 

6.  The  writing  dries  instantly,  so  that  blotting  in  consequence 
of  handling  too  soon  no  longer  takes  place. 

7.  Thus  and  by  the  avoidance  of  accessible  spots  covered  with 
inky  the  whole  apparatus  is  maintained  cleaner  than  was  formerly 
the  case. 

We  consider  as  our  improvement,  which  to  the  best  of  our 
belief  has  not  previously  been  used  with  inking  apparatus,  the 
ink  feeder  construction  essentially  as  above  described. 


DESCRIPTION  OF  SIEMENS  AND  HALSKE'S  UNIPOLAR 

RELAY.* 

Hitherto  the  horse-shoe  form  has  always  been  given  to  electro- 
magnets which  had  to  work  by  means  of  weak  currents  through 
the  attraction  of  a  piece  of  soft  iron,  as  for  instance  the  magnets 
used  for  relays. 

In  fact  one  pole  of  a  magnet  of  given  dimensions  attracts  a 
piece  of  iron  only  slightly,  the  attractive  force  of  the  two  poles 
of  the  electro  magnet  becomes  therefore  very  considerably  in- 

♦  I860. 
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creased  b;  the  horse-shoe  form.  Oa  the  other  hand  boree-shoe 
magnets  have  the  great  disadvantage  that  the  attraction  of  the 
Armature  disappears  odIj  slowly  and  imperfectly  after  the  cessation 
of  the  cmrent.  The  remanent  attractive  force,  which  is  a  con- 
aeqaence  of  the  magnetism  remaining  in  the  closftd  circuit  of  the 
magnet  and  armature  brings  groat  disadvantagca  with  it,  which 
are  specially  disturbing  with  relays  and  magnets  for  telegraphic  pur- 
poees,  in  particular  if  the  circumstances  necessitate  strong  variation 
in  the  strength  of  the  current  used  and  variation  in  its  direction. 

Kg.  82. 


We  have  succeeded  in  almost  altogether  removing  this  disad- 
vantage, by  using  a  unipolar  acting  instead  of  a  horbe-shoe 
magnet,  which  is  nevertheless  so  mounted  that  its  attractive  force 
nndet  otherwise  similar  circnmstances  is  ahnost  as  great  as  that 
of  a  horse-shoe  magnet  which  is  supplied  with  the  same  number 
of  windings.  Fig.  92  represents  the  section  of  snch  a  relay  with 
a  unipolar  acting  magnet. 

The  iron  core  of  the  magnet  M  consists  of  a  slit  iron  tube  e 
which  is  screwed  on  to  a  long  and  stout  angle  iron  E.  Opposite 
to  the  pole  plate  at  the  other  end  of  the  iron  tube  stands  a  light 
armature  plate  A'  the  lower  end  of  which  is  screwed  to  a  com- 
paratively thick  iron  barrel  a. 
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The  barrel  a  is  fixed  to  the  base-plate  H.  On  the  same  base- 
plate stands  the  pillar  S,  with  the  two  screws  J  and  C,  of  which 
the  first  is  insulated  by  a  stone  point,  and  the  latter  is  provided 
with  a  metallic  point.  Between  these  screws  plays  the  extension 
of  the  iron  plate  A^ ;  it  is  drawn  back  by  the  spring  F,  to  which 
any  desired  tension  can  be  given  by  means  of  the  nut  R. 

A  relay  so  constructed  is  moved  by  nearly  as  weak  a  current 
as  a  horse-shoe  relay  with  the  same  amount  of  wire.  The 
reason  of  this  phenomenon  is  to  be  sought,  in  that  the  iron  mass 
E  conducts  away  the  free  magnetism  of  the  magnet  pole  fixed  to 
ity  and  thus  doubles  the  free  magnetism  of  the  other  pole.  The 
iron  mass  E  thus  acts  as  a  reservoir  as  it  were  for  the  magnetism 
of  one  magnet  pole.  The  relatively  strong  iron  barrel  acts  in  the 
same  way  as  regards  the  magnetism  of  the  armature  plate  A^. 
Assuming  that  north  magnetism  is  produced  by  the  current  in  the 
eflbctive  magnet  pole,  this  will  magnetise  the  iron  armature  lying 
opposite  it  so  that  the  portion  lying  near  the  polar  surface  is  south 
magnetic,  the  distant  one  north  magnetic.  The  non-magnetic 
space  between  the  two  magnetisms  will  lie  near  to  the  iron  barrel 
a,  the  north  magnetism  is  therefore  almost  entirely  withdrawn 
from  the  sphere  of  action  of  the  north  magnetic  magnet  pole,  and 
can  no  longer  work  against  the  attraction  of  the  armature.  By 
this  construction  therefore  the  same  result  is  obtained  as  by  the 
horse-shoe  magnet ;  the  attraction  is  therefore  not  observably  less. 
When  the  current  ceases  the  opposite  magnetisms  in  the  magnet 
and  armature,  which  were  removed  from  each  other  through  the 
iron  masses,  but  not  destroyed  as  with  horse-shoe  magnets,  come 
into  action  again,  striving  to  expand  over  the  whole  mass  of  iron. 
The  demagnetization  of  the  magnet  and  armature  is  not  only 
effected  as  with  the  horse-shoe  magnet,  by  the  iron  molecules 
striving  to  return  to  their  place  of  rest,  but  the  neutralization  is 
aided  through  the  returning  opposite  magnetisms,  by  which  the 
demagnetization  takes  place  more  quickly  and  perfectly.  Experi- 
ence shows  that  such  a  relay  is  nearly  as  sensitive  as  one  equally 
favourably  made  as  a  horse-shoe  magnet,  and  that  it  bears 
equally  well  each  alteration  of  current  strength,  and  particularly 
change  of  current,  without  necessitating  a  correction  in  the 
tension  of  the  spring  or  of  the  distance  of  the  armature.  Instead 
of  the  iron  tubes  a  simple  bar  of  iron  can  clearly  be  used,  or  where 
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preat  sensitiveness  is  desired  two  or  more  pieces  of  iron  supplied 
with  separate  windings.  But  these  must  be  surrounded  by  cur- 
rents in  the  same  sense,  so  that  in  their  total  action  they  play 
their  part  as  simple  bar  magnets. 


SIEMENS   AND    HALSKE'S   MORSE    APPARATUS  FOR 

USE  WITH  INK.* 

As  is  known,  there  is  this  disadvantage  with  the  Digney  con- 
struction of  Morse  apparatus  for  ink  writing,  that  the  clearness  of 
the  writing  is  in  great  measure  dependent  on  the  uniformity  of  the 
laying  on  of  the  colour  on  the  ink  roller ;  if  this  has  too  much 
ink  in  places  the  writing  becomes  blotted,  if  it  is  kept  too  dry,  the 
marks  are  faint  and  even  indistinct.  Owing  to  the  paper  dust, 
which  always  collects  after  a  certain  time  on  the  ink  roller,  and 
gets  united  in  a  hard  crust  with  the  colour,  this  difficulty  is  still 
further  increased  since  the  freshly  laid  on  ink  can  now  no  longer 
soak  into  the  felt  of  the  roller. 

Messrs.  Siemens  and  Halske  have  found  occasion  to  use  another 
construction  of  Morse  apparatus  for  use  with  ink ;  in  this  the 
printing  disc  is  not  supplied  with  ink  by  a  felt  roller,  but  rotates 
with  its  lower  part  in  a  little  bowl  filled  with  ink  placed  under  it, 
and  gets  the  necessary  ink  from  it,  whilst  simultaneously  a  thin 
plate  slipping  on  it  clears  off  the  superfluous  ink. 

In  the  following  figures  an  inker  is  shown  constructed  on  this 
principle ;  Pig.  98  shows  the  front  and  top  view ;  Fig.  94  gives  a 
side  view. 

AA  (Fig.  98)  is  a  glass  vessel  intended  for  the  reception  of  the 
supply  of  ink  cemented  to  a  metal  rim  a,  a^,  a^,  which  is  fixed 
in  an  almost  horizontal  position  in  the  stirrup  BBBBj,  revolvable 
around  the  pin  n.  The  front  portion  of  the  metal  rim  at  a,  is 
open  above  and  cut  out  bow-shaped,  and  forms  a  channel  shaped 
bowl,  in  which  the  lower  portion  of  the  printing  disc  dips  ;  /  is 

*  Journal  of  the  Deutsch-Oesterr.  Telegraphen  Vereins,  Vol.  IX.  p.  205.    1862. 
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aa  iq>eiiin^  for  poDiing  in  the  ink.  With  such  thinly  nibbed  oil 
ccdoun  as  are  always  need  for  the  purpose  in  qnestion,  a  portion 
always  settles  gradnally  to  the  bottom,  and  the  printing  disc  D 
woold  then  only  dip  into  the  upper  layer  of  oil  containing  very 
little  colonr  ;  to  pnvent  thia  there  is  inside  the  colour  vessel,  at 


Fig.  B3. 


a,,  a  partition  g  reaching  ahnoet  to  the  opposite  underside  of  the 
vessel,  which  acts  so  that  only  the  lower  layer  of  the  fluid  which 
is  rich  in  colour  can  enter  the  little  bowl  a,,  u, ;  on  the  other  hand 
this  also  prevents  the  paper  dnst  from  falling  into  the  little  bowl 
and  soiling  the  supply  of  ink  in  the  flask.  The  opening  at  the 
lower  end  of  the  partition  must  not  be  too  narrow,  bo  that  it  may 
not  g^  ol<^ged. 

The  stirrap  BBB,  is  Gxed  to  the  front  part  of  the  apparatus  by 
means  of  a  pin  and  a  thumb-screw  C,  so  that  after  loosening  the 
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thumb-screw  the  stirrup  with  the  flask  can  easily  be  taken  off  for 
the  purpose  of  filling  or  cleaning  the  latter.  The  arm  Bx  of  the 
stirrup  bent  in  front  at  right  angles,  serves  simultaneously  sb  pro- 
tection and  guide  to  the  flask.  There  is  further  attached  to  the 
stirrup  a  set  screw  h,  which  serves  as  a  second  point  of  support 
for  the  flask,  and  for  raising  and  lowering  it.  For  this  purpose  a 
hook  e  slit  like  a  fork  and  fixed  to  the  bottom  of  the  fiask  sur- 
rounds with  its  prongs  the  grooved  neck  at  the  point  of  this  set 
screw. 

The  printing  disc  is  as  usual  geared  by  means  of  a  friction 
wheel  with  the  clockwork  so  that  it  reoeives  a  rotatory  motion  from 


Fig.  94. 


Fig.  95. 


OoEd^w 


it.  Its  connection  with  the  clockwork  is  hence  not  rigid,  but  of 
such  a  kind  that  it  allows  of  a  slight  side  motion  of  the  little  disc 
besides  its  rotatory  motion.  To  effect  this  the  axis  of  the  little 
disc  d  (Fig.  94),  provided  with  a  sleeve  at  its  back  end,  is  pushed 
over  the  lengthened  pivot  of  the  corresponding  driving  wheel  r 
and  is  connected  with  it  by  means  of  a  pin  ;  the  sleeve  and  the 
pin  hole  in  the  pivot  are,  however,  designedly  made  somewhat  too 
wide  so  as  to  constitute  a  sort  of  universal  joint.  The  front  end 
of  the  axis  d,  immediately  behind  the  little  disc  D,  is  surrounded 
loosely  and  carried  by  an  arm  fixed  to  the  printing  lever.  The 
axle  d  has  no  bearing  in  the  side  of  the  apparatus  ;  but  on  the 
contrary  there  is  a  large  opening  o  at  the  corresponding  place,  in 
which  the  axis  d  has  thoroughly  free  play.    On  the  attraction  of 
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the  armatnre  by  the  electro-magnets,  therefore  the  printing  lever 
will  raise  np  somewhat  the  printing  disc  D  by  means  of  the  arm 
h  and  press  it  against  the  horizontal  pin  %  above  it.  A  thin  steel 
plate  g  crooked  towards  the  front  is  fixed  to  the  printing  lever  H 
near  to  the  arm  h  which  glides  loosely  on  the  printing  disc,  near 
its  edge,  and  removes  the  superflaous  colour. 

The  supply  of  paper  is  somewhat  more  complicated  than  usual ; 
the  course  which  the  paper  strip  follows  is  represented  by  ppp  in 
Fig.  93.  From  the  roller  P,  the  paper  strip  passes  first  over  the 
pin  f/,  then  under  the  delivery  cylinder  8  and  over  the  similar 
<:ylinder  /  to  the  pin  %  ;  passes  away  again  under  this,  by  which, 
aa  often  as  the  armature  is  attracted,  it  receives  the  writing 
signals,  then  rises  up,  and  arrives  between  the  delivery  rollers  "W 
and  W^,  of  which  the  first  turns  in  fixed  bearings,  and  is  in  gear 
with  the  clockwork,  whilst  the  other  hangs  in  the  fork  G  and  is 
pressed  by  the  spring  v  against  the  former.  The  loose  roller  W*  is 
deeply  notched  in  the  middle  and  seizes  the  paper  only  near  to  the 
rims,  so  that  the  still  fresh  signs  cannot  be  obliterated.  From  the 
rollers  W,  "W^  the  paper  then  runs  with  the  printed  side  upwards 
back  over  the  rounded  bridge  S  and  then  leaves  the  apparatus. 
The  whole  writing  therefore  from  the  rollers  W,  W^  onwards  lies 
perfectly  free  and  uncovered  before  the  eyes  of  the  telegraphist. 
The  printing  dries  quickly  provided  only  a  suitable  colour  is  chosen, 
and  only  slightly  sized  paper  is  used  ;  it  comes  out  of  this  appa- 
ratus very  correct  and  clear,  and  one  has  neither  to  guard  against 
the  drying  of  the  colour  nor  soiling  by  paper  dust  in  the  same 
degree,  as  in  former  constructions. 

The  telegraph  contact  of  the  printing  lever  is,  as  with  most  of 
Siemens  and  Ualske's  apparatus,  provided  with  a  contact  spring 
for  ensuring  the  closing  when  using  the  apparatus  for  translation. 
The  electro-magnet  itself  is  so  arranged  that  within  certain  limits 
it  may  be  raised  or  lowered  at  pleasure,  and  its  poles  may  thus  be 
brought  to  a  greater  or  less  distance  from  the  position  of  rest  of 
the  armature,  without  the  necessity  of  altering  at  all  the  position 
of  the  contact  screws  ;  an  arrangement  by  which  the  r^ulation 
of  the  apparatus  is  simplified  to  an  extraordinary  degree.  It 
rests,  as  shown  in  Fig.  98,  on  one  end  of  a  lever  Q,  rotating  about 
the  axle  x,  the  other  end  of  the  lever  being  supported  by  the  point 
of  the  set  screw  B,  which  projects  out  of  the  base-plate  of  the 
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apparatus.  The  cylindrical  continuations  L  of  the  core,  which  fit 
exactly  in  the  cylindrical  holes  bored  in  the  metal  plates  MM, 
thereby  serve  as  guides  to  the  electro-magnet. 

With  the  apparatus  shown  in  Figs.  93  and  94,  the  motion  of 
the  clockwork  is  not  worked  as  usual  by  a  weight,  but  by  a  spring 
enclosed  in  the  barrel  T.  As  this  spring  works  with  varying  force, 
according  as  it  is  entirely  wound  up,  or  considerably  mn  down,  in 
the  usual  arrangement  the  paper  would  run  out  at  first  more 
quickly  and  afterwards  more  slowly,  the  printing  signal  would, 
therefore,  be  very  long  directly  after  the  winding  up,  and  after- 
wards very  short.  In  order  to  prevent  this  a  flywheel  is  arranged 
similar  to  the  so-called  centrifugal  governor.  Fig.  95  shows  it  in 
two  different  positions  in  4-5ths  of  its  natural  size.  A  vertical 
axle  is  turned  around  its  axis  by  the  clockwork.  To  it  is  fixed 
the  fly  y  by  an  axle  ?w,  which  is  exactly  balanced  by  the  weight  L 
The  fly  is  pressed  down  by  a  spring  z,  which  works  on  the  lever 
arm  x,  but  is  raised  by  centrifugal  force.  These  two  forces  are  in 
equilibrium  in  any  position  of  the  fly  for  a  fixed  velocity  of  revo- 
lution dependent  on  the  force  of  the  spring  and  the  weight  and 
form  of  the  fly.  The  slightest  increase  of  velocity  must,  therefore, 
place  the  fly  perpendicular  to  the  axle,  whilst  the  slightest  reduc- 
tion would  give  the  preponderance  to  the  spring  and  bring  the  fly 
in  the  position  parallel  to  the  axis.  Since  when  the  fly  is  raised  the 
resistance  of  the  air  increases  in  rapid  proportion,the  regulator  would 
maintain  the  speed  of  the  clockwork  quite  constant  if  the  friction 
of  the  pivots  of  the  fly  did  not  introduce  a  slight  variation.  Dis- 
regarding this  friction,  this  regulator  does  not,  therefore,  work 
like  a  Wattes  centrifugal  governor  as  a  moderator  of  the  change 
of  velocity  of  rotation,  but  maintains  it  quite  constant,  and  is 
consequently  an  actual  governor. 

When  the  apparatus  is  driven  by  a  uniformly  acting  weight, 
this  construction  of  the  fly  is  not  necessary,  and  for  such  apparatus 
Messrs.  Siemens  and  Halske  employ  the  usual  fly  with  fixed  wings. 
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This  consists  of  a  cylindrical  core  of  varnished  iron  wire 
l-8™«  thick  and  95*^  long,  cemented  together  to  fonn  a  cylinder 
60"*°*  thick.  This  core  of  iron  is  wound  with  two  windings 
of  copper  wire  2'5"^  thick.  The  iron  core  and  windings 
weigh  36  lbs.  This  bundle  of  iron  wound  with  copper  wire 
is  placed  in  a  tube  of  ebonite  26°*"  thick  at  the  ends  and  12"™ 
thick  in  the  middle.  On  this  tube  150  thin  ebonite  discs  are 
fixed  at  equal  distances.  Thick  discs  of  the  same  substance  form 
the  end  pieces  of  the  space  intended  for  the  secondary  coil.  The 
single  cells  between  the  discs  are  wound  with  copper  wire  only 
O'li""*  thick,  covered  with  silk  and  then  with  a  suitable  varnish. 
The  wire  is  about  10755  metres  long,  which  produces  299198  turns 
around  the  core  of  the  apparatus.  The  weight  of  the  copper  wire 
amounts  to  58  lbs.  The  resistance  of  the  secondary  wire  amounts 
to  162000  metres  of  mercury  of  a  square  millimetre  section,  at 
zero  temperature.  The  primary  coil  consists  of  two  windings, 
each  of  0*82  mercury  unit  resistance,  which  can  either  be  joined 
in  parallel  or  in  series  as  desired. 

The  insulating  tube  is  less  thick  in  the  middle  than  at  the  ends, 
because  the  electrical  tension  is  less  in  the  centre,  under  normal 
circumstances  eveff  «  0,  and  increases  towards  the  .end,  therefore 
sparking  through  the  tube  into  the  iron  core  is  only  to  be  feared  at  the 
ends,  but  chiefly  because  the  windings  of  the  secondary  coil  nearest 
the  tube  form  a  Leyden  jar  with  the  primary  coiL  The  capacity 
of  this  double  jar  must,  however,  be  extremely  small,  as  otherwise 
the  electricities  separated  in  the  secondary  wire  are  bound  by  the 
iron  core,  consequently  the  striking  distance  is  substantially 
reduced.  As  there  is  no  tension  in  the  middle  of  the  secondary 
wire,  no  prejudicial  charging  action  takes  place  there.  The  most 
suitable  shape  for  the  surface  of  the  tube  is,  therefore,  parabolic 
in  section. 

The  battery  must  always  be  so  joined  up  that  the  positive 
electricity  enters  at  the  closed  end  of  the  apparatus,  the  negative 
on  the  contrary  at  the  end  where  the  primary  wires  appear, 
because   the   spark  always   starts    from   the  positive  pole,  the 
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Striking  distance  of  the  positive  pole  is  consequently  macb 
greater.  If  with  greater  striking  distances  the  positive  electricity 
should  appear  at  the  open  end  of  the  apparatus,  the  spark  would 
spring  over  to  the  primary  wires  and  iron  core  and  the  apparata& 
might  be  injured.  One  can  best  decide  on  the  correct  position  of 
the  commutator  of  the  battery  by  placing  a  disc  before  the  dis- 
charging apparatus  with  one  to  two  elements  and  bringing  this> 
into  connection  with  the  open  end  of  the  apparatus.  With  the 
correct  position  of  the  commutator  much  longer  sparks  are 
obtained.  The  disc  must  always  be  connected  with  the  end  of  the 
apparatus  at  which  the  local  wires  appear.  The  disc  increases  the 
striking  distance  when  it  forms  the  negative  pole  and  diminishes 
it  when  it  forms  the  positive  pole.  Its  action  has  a  double  cause. 
In  the  first  place  the  disc  acts  inductively  on  the  positive  pointy 
from  which  the  electricity  of  the  spark  starts,  thereby  increasing 
its  tension  and  striking  distance  but  through  its  condenser  action 
with  the  walls  of  the  room  it  however  essentially  diminishes  the 
tension  of  the  negative  pole,  and,  therefore,  leads  this  away  im- 
perfectly, whereby  a  corresponding  increase  of  the  tension  of  the 
positive  pole  with  an  increased  striking  distance  takes  place.  It 
can  be  dispensed  with  if  the  negative  pole  is  connected  to  earth,, 
yet  this  is  not  good  with  great  striking  distances,  as  the  tension  of 
the  positive  pole  is  then  twice  as  great,  a  discharge  of  the  spark  to 
the  iron  core  and  in  the  air  is  thereby  made  very  easy.  With 
great  striking  distances,  the  apparatus  might  suffer  damage  by 
complete  earthing  of  the  negative  pole.  Insertion  of  a  condenser 
of  sufficient  thickness  and  very  slight  capacity  between  the  nega- 
tive pole  (open  end  of  the  secondary  coil)  and  earth  acts,  however, 
nearly  the  same  as  a  disc.  To  produce  loud  cracking  and  brilliant 
discharge  sparks  a  thick  walled  condenser  must  be  so  brought  into 
connection  with  the  poles  of  the  secondary  coil,  that  the  inner 
coating  is  brought  into  connection  with  the  positive  and  the  outer 
with  the  negative  pole.  If  the  distance  of  the  poles  is  then  made 
small  a  series  of  discharges  in  quick  succession  is  obtained  instead  of 
a  single  spark,  accompanied  with  a  shrill  sound,  instead  of  a  report. 
The  contact  breaker  must  be  so  regulated  that  it  swings  very 
slowly,  and  that  the  closing  of  the  battery  should  be  made  as  long 
as  possible,  and  the  opening  short  and  quick.  The  longest  sparks 
are  obtained  by  long  closing  and  quick  opening  by  hand. 
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The  condenser  consists  of  a  tin-plate  coating  of  about 
15000  sq.  centimetres,  separated  by  lacquered  paper.  With  our 
construction  (different  from  Rumkorff's)  it  has  only  a  slight 
influence  on  the  striking  distance,  but  considerably  diminishes  the 
strength  of  the  primary  spark  and  the  splashing  about  of  alcohol. 

The  platinum  amalgam  (silver  amalgam  can  also  be  used)  must 
be  thick  and  free  from  oxide,  and  must  stand  about  \  in.  above 
the  platinum  pin  in  the  outer  vessel  The  alcohol  (absolute) 
poured  over  it,  until  the  flask  is  pretty  full,  must  be  renewed  when 
it  has  become  very  black  with  oxidized  mercury.  Only  mercury 
and  alcohol  require  to  be  poured  into  the  inner  vessel  of  the  con- 
tact breaker  which  interrupts  the  current  of  two  Daniell  cells 
which  sets  the  contact  maker  in  motion. 

The  battery  must  be  well  cleaned  and  newly  amalgamated  before 
use.  The  nitric  acid  must  be  strong,  in  case  of  necessity  one-third 
fuming  acid  should  be  added  to  the  commercial  acid.  It  is  best  only 
to  fill  and  set  up  a  quarter  of  an  hour  before  the  commencement 
of  the  experiments  determined  on,  as  it  quickly  runs  down. 

If  the  cells  are  good 

1  cell  gives  21<^"  striking  distance. 

2  cells  give  39«"  „ 

3  cells  give  47'5«™ 
6  cells  give  68^ 

with  parallel  connection  of  the  wires  of  the  primary  coil.  If 
more  cells  are  to  be  used^  the  connection  in  series  is  more  advan- 
tageous. 

One  cannot  go  beyond  2  feet  striking  distance  without  danger, 
as  with  this  intensity  sparks  pass  into  the  air  from  all  the  end 
surfaces,  which  can  be  seen  in  the  dark.  This,  therefore,  appears 
to  be  the  limit  to  be  reached.  For  public  experiments,  the  sparks 
between  two  balls  (without  discs)  with  6  cells  and  about  18  to  20*** 
striking  distance  show  best. 
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SIEMENS    AND    HALSKE'S    MAGNETO-ELECTRIC 

QUICK  TYPE  WRITER.* 

The  idea  is  not  new  of  setting  ap  telegraph  messages  to  be 
despatched  in  suitable  Morse  type,  as  in  printing,  and  then  tele- 
graphing the  sentence  by  means  of  a  mechanical  arrangement  with 
great  velocity,  and  thus  utilizing  the  existing  telegraph  lines  more 
fully,  as  in  a  given  time  a  gi'eater  number  of  previously  set  up 
messages  can  be  despatched  than  was  possible  by  means  of  the 
key  and  hand  of  the  telegraphist.  Setting  aside  the  arrangement 
of  perforated  paper  strips,  first  introduced  by  Siemens  and  Halske, 
and  afterwards  brought  forward  in  a  somewhat  difierent  form  by 
Wheatstone,  which  effect  the  same  purpose,  Morse  himself, 
already  twenty  years  ago,  tried  this  sort  of  arrangement.  His 
type,  prepared  from  sheet  metal,  had  broader  and  narrower  pix)- 
jections  formed  on  the  upper  edge  by  incisions  of  the  same 
breadth,  which  corresponded  exactly  to  the  dashes  and  dots  of 
the  usual  letters  of  the  Morse  alphabet ;  the  message  was  set 
up  along  a  metal  composing  stick  with  these  types,  and  this  was 
theu  conducted  by  means  of  wheel  work  under  the  spring  arm 
of  a  lever  connected  with  the  line  ;  the  composing  stick  itself,  and 
its  bearing,  were  in  conductive  connection  with  a  battery,  so  that 
a  current  passed  into  the  line  through  a  stick  and  type  as  often 
and  as  long  as  the  lever  glided  over  a  projection  and  an  interrup- 
tion of  the  current  occurred  as  often  as  the  lever  fell  into  a  notch. 
This  apparatus,  as  is  known,  has  not  answered  the  expectations 
entertained  of  it ;  not  to  mention  the  wearing  away  of  the  type 
and  other  disadvantages,  the  frequently  uncertain  contact  of  the 
type  with  the  composing  stick  on  the  one  side  and  the  lever  on  the 
other,  as  well  as  the  vibratory  motion  produced  by  the  quick 
motion  of  the  lever  caused  deformation  of  the  writing. 

The  new  quick  type  writer  has  externally  a  certain  similarity  to 
the  old  Morse  apparatus.  But  it  is  purely  an  outward  similarity 
as  the  following  description  will  prove.  A  very  essential  difference 
is  that  with  the  new  apparatus  the  current  does  not  pass  through 

*  Journal  of  the  Deutsch-Oesterr.  Telegraphen  Verein,  Vol.  XL  p.  271. 
1862  (1864). 
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the  types  themselves,  these,  on  the  contrary,  by  their  projections, 
only  raise  a  bell-crank  lever,  the  other  arm  of  which  then  lies 
against  a  contact  point  and  completes  the  circuit,  which  is  broken, 
when  the  bell-crank  lever  falls  into  a  hollow.  Besides  this,  alternat- 
ing induced  currents  are  used,  and  not  continuous  battery  currents, 
and  this  necessitates  a  totally  different  arrangement  of  the  projec- 
tions and  hollows  of  the  types,  the  form  of  which  has  now  not 
the  slightest  similarity  to  that  of  the  Morse  signals,  which  they 
produce. 

In  Fig.  96  is  given  a  front  view  of  the  signal  sender  of  the  new 


Fig.  96. 


apparatus  in  l-18th  of  the  natural  size  ;  Figs.  97  and  98  contain 
details  of  the  most  important  parts,  one-third  actual  size.  A  so 
culled  polarized  inker  apparatus  serves  at  the  other  station  as  a 
receiving  apparatus,  i.e,,  a  writing  apparatus,  the  electro-magnet 
of  which  is  similar  to  that  of  Siemens  and  Halske^s  polarized 
relay.  Its  armature  is  pressed  against  the  telegraph  contact  by  a 
positive  induction  impulse,  and  continues  to  lie  against  it  after  the 
cessation  of  the  current,  therefore  it  holds  the  writing  disc  pressed 
against  the  paper,  until  a  second  induction  current  of  opposite 
direction  draws  it  away  and  throws  it  against  the  back  contact. 
If,  therefore,  the  current  of  a  rotating  magneto-inductor  acts  on 
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such  a  writing  apparatas  without  interraption,  it  will  prodaoe  a 
series  of  dots  on  the  paper,  the  length  of  which  and  their  distance 
from  one  another  depend  on  the  speed  of  rotation  of  the  inductor. 
But  if  a  dash  is  to  appear^  then  immediately  after  the  arrival  of 
the  positive  current  marking  the  commencement  of  the  dash  the 
circuits  must  be  broken  so  that  the  following  negative  current 
may  not  act  on  the  writing  apparatus  ;  the  armature  then  remains 
against  the  telegraph  contact  and  draws  out  the  dot  into  a  dash 
until  the  circuit  is  again  completed,  whereupon  the  first  negative 
current  brings  back  the  armature  to  the  position  of  rest  and  cuts 
the  dash  off. 

It  is  thus  the  function  of  the  types  at  the  fitting  moment  on  the 
one  hand  to  press  the  bell-crank  lever  against  its  contact  point  by 
means  of  their  projections  and  to  complete  the  circuit,  and  on  the 
other  hand  to  interrupt  it  again  by  their  hollows.  This  requires, 
firstly,  an  arrangement  of  the  projections  and  hollows  quite  different 
from  the  shape  of  the  Morse  signals  ;  then  it  follows  as  an  indis- 
putable condition,  that  the  breadths  of  the  projections  and  hollows, 
as  well  as  the  speed  with  which  they  are  drawn  under  the  bent 
lever,  must  be  in  a  fixed  proportion  to  the  intervals  of  time 
between  the  induction  impulses,  and,  therefore,  to  the  velocity  of 
rotation  of  the  magnetic  inductor.  Hence  these  motions  must  be 
worked  by  one  and  the  same  force  which  sets  the  inductor 
directly  in  rotation,  whilst  this  communicates  its  motion  by  u 
convenient  gearing  to  the  type  carrier. 

The  inductor  has  the  same  construction  as  Siemens  and  Halske's 
alphabetical  apparatus."  The  cylindrical  core  of  the  inductor, 
slotted  on  two  opposite  sides  as  regards  its  length,  revolves  about 
a  horizontal  axis  between  the  legs  (cut  out  on  the  inner  side  into 
a  segment  of  a  cylinder)  of  twelve  vertical  adjoining  horse-shoe 
plates  of  tungsten  steel.  The  longitudinal  slots  contain  the 
windings  of  the  inductor  wire,  laid  parallel  to  its  long  axis,  and 
are  closed  above  them  by  brass  plates  bent  over  the  cylindrical  sur- 
face. To  both  ends  of  the  inductor  core  solid  metal  pieces  are 
fixed  in  which  the  axles  are  keyed  ;  on  the  one  side  at  J  the  axle 
consists,  as  seen  in  Fig.  98,  of  a  cylindrical  hardened  steel  pivot, 
rounded  in  front,  resting  in  a  metallic  bearing  h ;  on  the  other 
side  the  axle  terminates  in  a  conical  point,  which  plays  in  a  cor- 
responding hollow  in  the  screw  h  (Fig.  96). 
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Both  Bnpporting  points  of  the  axle  of  the  indnctor  are  on  the 
frame,  which  carries  aad  connects  the  magnets  M  and  thia  rests 
on  the  table  A  of  a  lathe  frame  A  A  (Fig.  96)  with  treadle  work, 
fly-wheel,  and  belt  pulley.  The  lower  halves  of  the  magnets  M 
pass  through  the  top  plate,  and  are  protected  by  a  wooden  case 
g^  ff,  fixed  to  the  under  side  of  the  top  plate.  The  inductor,  and 
the  portion  of  the  magnets  projecting  above  the  table,  are  aur- 
ronnded  by  a  casing  g^  g^  of  sheet  brass  fixed  to  the  table,  the  cover 
of  which  carries  the  moving  mechanism  of  the  type-carrier  and 
the  other  parts  of  the  apparatus. 

On  the  left  frame  of  the  indnctor  cylinder  is  a  small  pulley 

Fig.  sr.  ■  Fig.  sa. 


which  is  connected  by  a  belt  0  with  the  pulley  of  the  lathe  ;  there- 
fore the  cnrrent-prodncing  cylinder  is  set  in  rapid  rotation  by  the 
pedal  of  the  lathe.  A  jockey  pulley  fixed  in  a  fork  and  movable 
by  a  handle  serves  for  stretching  the  belt. 

On  the  right  frame  of  the  indnctor  a  strong  steel  ring  is  fixed 
provided  with  a  short  endless  screw  N",  Fig.  98,  This  gears  in  the 
teeth  of  a  wheel  R  (Fig.  97)  fixed  to  a  vertical  axle,  whilst  an  exactly 
similar  toothed  wheel  K,  lixed  somewhat  higher  to  the  same  axle, 
gears  with  a  rack  fixed  to  the  type-carrier,  so  that  the  screw 
N,  by  means  of  the  wheels  R^  and  R,  transfers  the  motion  of  the 
indnctor  to  the  type-carrier. 

One  end  of  the  windings  of  the  inductor  is  fastened  to  its 
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metal  core,  and  is  therefore  continaooslj  in  conductive  connection 
with  its  axle,  and  through  this  with  the  metal  parts  of  the 
apparatus.  The  other  end  i,  of  the  windings  (Fig.  97),  is  led 
through  a  perforation  in  the  frame  J,  which  is  fitted  with  a  small 
insulating  tube  of  ebonite,  and  fastened  by  the  screw  S  (Figs.  97 
and  98)  to  the  metal  ring  S  S  which  is  pushed  over  a  continuation 
of  the  frame  in  question,  but  insulated  from  it  by  a  layer  of  ebonite 
1 1,  The  ring  S  S  has  projections,  at  two  diametrically  opposite 
points  ;  it  is  split  open  on  one  side  through  one  of  these  projec- 
tions and  is  firmly  held  together  by  a  screw  passing  through  at 
this  point,  and  pressed  against  the  insulating  base.  To  make 
turning  impossible,  the  opening  arranged  in  the  other  projection 
at  the  underside  of  the  disc  S  S,  for  the  passage  of  the  wire  «j, 
is  lengthened  by  a  short  tube,  which  reaches  a  short  distance  into 
the  corresponding  channel  of  the  metal  piece  J^. 

Two  metal  springs // which  are  fixed  to  the  insulated  metal 
piece  F,  slide  continually  with  their  free  ends  on  the  front  stop  S, 
of  the  piece  S  provided  with  a  steel  ring.  Therefore  the  wire  end 
i  with  the  metal  piece  F  and  its  clamping  screw /^  serving  for  the 
fixing  of  the  leading  wires  are  in  constant  conductive  connection. 

The  parts  of  the  apparatus  which  effect  at  the  desired  moment, 
the  interruption  and  renewal  of  the  circuit,  stand  on  the  cover  of 
the  metal  case  g^  Qi  inclosing  the  inductor,  they  are  shown  in  Figs. 
^1  and  98  in  one  third  of  their  natural  size,  97  being  a  side  view 
and  98  a  front  view.  The  under  portion  B  B  provided  with  the 
longitudinal  groove  n  firmly  fixed  on  the  cover  pf  the  casing  in 
question,  serves  specially  for  guiding  the  type-carrier.  The 
upper  part  C  C  is  fixed  to  it  by  means  of  the  screws  q^  q^  and  q^ 
which  pass  freely  through  somewhat  wider  perforations  of  the 
piece  C,  and  find  their  nuts  in  the  piece  Bi,  the  screws  q  q  which 
have  their  nuts  in  C  and  button  to  the  piece  B  with  their  ends,  ser\e 
for  adjusting  the  position  of  C  C.  Such  an  adjustment  is 
necessary,  because  the  slider  j[?p  forming  a  portion  of  C  tapered 
inwards  and  here  covered  with  steel  catches  over  the  upper  oblique 
surface  of  the  type-carrier  E  and  serves  to  guide  it.  On  the 
front  side  of  C  C  the  angle  piece  D  D  is  attached  but  insulated 
from  it,  in  which  are  the  axle  bearings  of  the  bent  lever  a  b.  The 
two  upright  continuations  of  C  C  bear  at  their  ends  the  little 
columns  r  and  i  fixed  to  them  but  insulated  from  them,  and  pro-' 
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vidcd  with  contact  screws,  which  are  provided  at  the  back,  aa  sesn 
in  Fig.  97,  with  screw  tcrminalB  for  attaching  the  oonductiog 
wires.  Below  r  is  a  third  similar  column  u  fitted  with  a  contact 
screw  also  insnlated.  The  interruption  lever  a  h  conaiata  of  two 
portions  insulated  from  each  other,  the  upright  standing  httle  stem 
b,  filed  directly  to  the  ttj:Ie,  the  upper  end  of  which,  formed  of  the 
spring  tongue  z,  playa  between  the  contact  screws  r  and  i  and  the 
light  insulated  angle  piece  a  fixed  to  it.  The  latter  carries  at  the 
end  of  its  horizontal  axis,  a  prism  of  agate,  with  its  edge  a  turned 
upwards,  under  which  pass  the  types.  When  this  edge  is  raised 
by  a  projection  of  the  type,  the  lever  with  its  tongue  moves  over 
against  the  contact  sirew  /,-  if  on  the  other  hand  a  hollow  of  the 

Kg.  90.         Fig.  100,  Kg.  101. 


type  lies  under  the  edge  a,  then  the  tongne  is  drawn  against  the 
other  contact  screw  r  by  the  spring  v  fixed  to  the  vertical  leg  of 
a.  The  third  contact  screw  w,  which  strikes  farther  Iwlow  against 
the  solid  rod  h,  serves  only  for  the  greater  safety  of  the  play,  since 
it  prevents  the  tongue  z  bending  too  mnch,  and  the  edge  a  from 
catching  in  the  hollows  of  the  type. 

The  type-carrier  E  is  shewn  in  Figs.  99  and  100 ;  IHg.  1)9 
shews  the  back  view,  and  Fig.  100  the  section ;  Fig.  101  shews 
the  way  in  which  two  carriers  are  joined.  With  the  lower  projec- 
tion A,  the  carrier  slides  in  the  groove  »  and  the  channels  G  and 
6,  (Fig.  96)  forming  their  extension  on  both  sides,  of  which  the 
latter  can  be  depressed  after  taking  ont  the  bolt  m  when  the 
apparatOB  is  not  in  action.  At  its  upper  portion  the  carrier  is  led 
through  the  uppermost  part  of  the  channel  y  y  forming  the  piece 
B  and  through  the  slider  p?)  engaging  the  upper  oblique  surface 
of  G  as  shewn  in  Figs.  97  and  98.    An  angular  plate  H  widening 
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with  a  slight  carvature  gradaally  outwards  towards  the  incoming 
carrier,  leads  the  beginning  of  the  carrier  or  the  several  carrier 
joints,  gently  and  without  concussion  into  the  guiding  channel,  the 
ends  of  which  are  also  somewhat  curved  round  fur  the  purpose 
ou  this  side. 

At  the  back  of  the  type-carrier  is  the  rack  e  (Fig.  100)  in 
which  the  teeth  of  the  wheel  B,  gear,  and  thus  briug  about  the 
forward  motion  of  the  carrier.  On  the  front  side  of  c  turned  to  the 
slit,  is  a  series  of  vertical  grooves,  which  must  exactly  correspond 
to  the  teeth  of  the  rack  e^. 

In  the  slit  between  the  part  e  and  the  screwed  on  front  rim  of 
the  carrier,  the  types  c  are  set,  which  have  the  shape  of  rectangular 
pieces  of  sheet  metal  provided  at  the  upper  edge  with  corre- 
sponding incisions,  and  are  as  thick  as  the  breadth  of  the  slit. 
They  were  first  cut  from  sheet  brass,  but  they  are  now  made  of 
cast  type  metal  and  for  greater  protection  against  wear  are  covered 
with  a  galvanic  deposit  of  nickel ;  each  type  is  marked  ou  the 
front  flat  side  with  the  letter  which  its  projections  and  depressions 
produce  in  Morse  writing.  In  order  to  bring  the  type  in  a 
determined  position  to  the  teeth  of  the  wheel  B^,  consequently  also 
to  the  instantaneous  position  of  the  inductor,  each  of  them  has  on 
the  front  edge  a  flUet  Ci  which  catches  in  one  of  the  grooves  of  e. 

Each  complete  revolution  of  the  inductor  moves  the  wheel  R, 
and  with  it  also  the  wheel  R2  and  the  rack  ^^  one  tooth  forward. 
With  each  revolution  of  the  axle  of  the  inductor,  two  inductive 
impulses  of  opposite  direction  take  place  in  the  wire  of  the  coils, 
(of  which  each  two  similarly  directed  impulses  produced  by  the 
pulling  oiT  of  the  one  side  of  the  iron  core  from  the  one  magnet 
pole,  and  its  approach  to  the  other  pole,  almost  coincide  in  point 
of  time  and  act  as  one  cmTent  because  the  respective  side  of  the 
iron  core  has  already  entered  the  sphere  of  action  of  the  second 
;jole,  before  it  has  left  the  first)  and  with  the  first  half  of  the 
revolution  a  negative,  with  the  second  half  a  positive  ;  if  further 
in  the  position  of  rest,  from  which  the  turning  begins  the  prism  a^ 
lies  over  a  gap  in  the  rack,  then  by  further  turning  the  inductor 
so  long  as  the  circuit  is  not  interrupted,  on  one  side  to  the  earth, 
and  on  the  other  side  to  the  line,  a  negative  current  is  always  sent 
into  the  line  as  often  as  the  prism  a^  is  over  a  gap,  and  a  positive 
cuirent  when  it  is  over  a  tooth  of  the  rack. 
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The  necessary  interruptions  of  the  circuit  are  brought  about,  as 
already  mentioned  at  the  beginning  by  the  lever  ah ;  the  contact 
lietvveen  the  tongue  z  and  the  screw  i  forms  part  of  the  circuit ; 
the  latter  is  completed  as  often  as  a,  is  raised,  and  the  tongue  is 
thereby  pressed  against  the  contact  screw  /,  it  is  on  the  contrary 
interrupted  when  a^  is  lowered,  and  the  tongue  lies  on  the  insulated 
contaict.  If  a  strip  of  tin  is  therefore  placed  in  the  type- 
carrier  without  incisions  and  of  suitable  width,  so  that  z  is  con- 
tinuously pressed  against  the  contact  screw  /,  all  the  currents  pro- 
daced  will  arrive  at  the  other  station  in  the  alternating  direction, 
and  a  series  of  dots  will  be  formed  in  a  polarized  apparatus  inserted 
there,  since  a  positive  current  always  brings  over  the  printing 
lever  against  the  paper,  but  the  following  negative  current  takes 
it  back  against  the  insulated  contact.  But  if  a  dash  is  to  be 
obtained,  the  circuit  must  be  interrupted  as  often  as  the  negative 
current  is  produced,  so  that  only  the  positive  impulses  can  be  sent 
into  the  line,  f./?.  the  type  must  have  incisions  on  the  whole 
length  of  the  dash  over  the  gaps  of  the  rack,  or,  after  the  positive 
iuduction  impulses,  which  mark  the  commencement  of  the  dash 
the  circuit  must  be  interrupted  for  the  whole  length  of  the  dash, 
and  up  to  the  arrival  of  the  negative  current  which  is  to  end  the 
dash,  so  that  in  the  interval  no  current  whatever  can  arrive  at  the 
apparatus,  the  lever  is  therefore  obliged  to  remain  on  the  telegi*aph 
contact  until  it  is  again  thrown  against  the  rest  contact  by  the 
first  returning  negati%'e  current,  that  is  the  type  must  have  at  the 
commencement  of  the  dash  a  small  projection  above  a  tooth  of  the 
rack,  then  a  wider  gap  and  at  the  end  of  the  dash  again  a  projec- 
tion over  a  gap  in  the  rack.  The  last  contrivance  is  preferable, 
as  it  causes  a  less  sudden  alteration  of  the  polarity  of  the  core  of 
the  electro-magnet. 

Accordingly  the  upper  edges  of  the  type  had  a  shape  for  the 
different  letters  of  the  Morse  alphabet  of  which  Fig.  102  gives 
some  examples.  The  vertical  lines  of  this  figure  correspond  to  the 
divisions  of  the  rack  of  the  composing  stick  in  such  a  way  that 
the  1,  8,  5,  7  spaces  &c.,  represent  the  gaps,  the  2,  4,  6  &c.,  the 
teeth  of  the  rack.  All  the  types  begin  with  a  projection  in  the 
second  space,  therefore  over  the  first  tooth,  and  in  all  the  last  pro- 
jections ends  over  a  gap,  so  that  with  each  type  the  last  current 
which  it  sends  to  the  other  station  is  a  negative  one,  which  brings 
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'back  the  lever  iato  the  position  of  rest.     Behind  the  last  projection 
there  always  follows  a  gap  of  the  breadth  of  a  tooth,  bo  that  each 
type  demands  an  even  nnmber  of  spaces  and  a  whole  number  of 
revolutions  of  the  indnctor.     At 
I'ig-  lOS.  the  same  time  this  has  the  effect 

of  producing  a  greater  epace — 
viz,  three  dots — l«tween  the  in- 
dividual letters  when  there  is  a 
row  of  several  type  followingeach 
other. 

The  numbers  placed  by  the 
side  of  the  types  are  proportional 
numbers,  which  show  how  often 
the  corresponding  signal  is  re- 
quired on  the  average  in  print- 
ing. 

The  joining  up  of  the  appa- 
ratus is  represented  in  the  accom- 
panying sketch  Fig.  103. 

The  line  is  brought  to  the  lever 

of  an  interrupting  switch  U  6xed 

on   the    base    plate— shewn    in 

Fig.  96— its  right  contact  plate 

is  connected  with  the  receiving 

apparatus,  the  windings  of  which 

are  to  enrth  at  the  other  end ; 

from  the  left  contact  plate  a  win* 

leads  to  the  bearing  of  the  axle  of 

the  bell-crank  lever ;  the  contact 

screw  ( is  permanently  in  connec- 

tion  with  the  metal  piece  F  and 

through  this,  the  springs//,  and 

the  ring  S,  with  one  end  i,  of 

the  inductor  windings  ;  the  other 

end  of  the  indnctor  wire  is  put  to  earth,  and  a  wire  is  also  led  to 

earth  from  the  contact  screw  r,  in  which  a  polarized  relay  P  w 

inserted.     It  is  evident  that  the  connection  between  the  indnctor 

and  the  line  is  only  set  up,  if  the  arm  a  of  the  lever  is  raised  by  a 

projection  of  the  type     On  the  contrary  at  the  moment  that  the 
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tongue  lies  on  the  rest  contact  a  cnrrent  coming  from  the  other 
station  can  get  to  earth  through  the  relay  P  ;  an  immediate  break 
is  therefore  possible  in  case  the  writing  does  not  arrive  clear. 

In  what  precedes  the  apparatus  is  described  as  at  present  con- 
structed (in  the  year  1864) ;  the  samples  already  in  use  (made  in 
the  year  1862)  have  a  somewhat  different  construction  and  on 
that  account  also  are  connected  up  somewhat  differently. 

The  entirely  metallic  bell-crank  lever  a  b  provided  with  a  steel 
prism  instead  of  one  of  agate,  consists  of  a  single  piece,  and  is  in 
conductive  connection  with  the  other  metal  parts  of  the  apparatus, 
whilst  the  insulating  layer  betw^een  the  parts  D  and  C  is  wanting  ; 
of  the  litcle  pillara  bearing  the  contact  screws  only  r  needs  to  be 
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insulated.  The  interruption  of  the  current  then  takes  place  not 
between  the  inductor  and  line,  but  between  the  inductor  and  earth. 
The  connections  are  as  sketched  in  Fig.  104. 

The  metal  piece  F  in  contact  with  the  end  i^  of  the  inductor 
wire  through  the  sliding  springs,  is  connected  with  the  left  contact 
plate  of  the  switch,  and  through  this  and  the  lever,  when  in  the 
speaking  position,  with  the  line ;  the  other  end  of  the  inductor 
wire  is  in  conductive  connection  with  the  lever  a  through  the 
metal  parts  of  the  apparatus  but  is  insulated  from  the  earth  by  the 
polished  base  plate.  On  the  contrary  the  telegraph  contact  i  is 
connected  to  earth.  The  circuit  from  the  inductor  to  the  line  is 
therefore  always  closed  in  this  case  ;  the  circuit  from  the  other 
end  of  the  inductor  wire  to  earth  is  on  the  contrary  interrupted,  so 
long  as  the  tongne  lies  on  the  rest  contact.  An  interruption  of 
the  correspondence  arriving  from  the  other  station  is  not  possible 
with  this  arrangement. 

Another  alterntion  of  the  apparatus  now  being  introduced, 
could  not  be  included  in  the  drawing ;  it  consists  in  the  upper 
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part  of  the  apparatus  being  displaced  so  far  to  the  right,  that  the 
prism  fli  is  exactly  over  the  point  where  the  wheel  Rj  catches  the 
rack  «i.  When,  namely,  the  joint  at  the  connecting  places  of  two 
pieces  of  carriers  gapes  somewhat — which  is  hardly  to  be  prevented 
— there  occurs  at  the  moment  this  place  comes  into  gear  with  the 
wheel  R|,  an  irregularity  in  the  motion,  .which  may  disfigure  the 
signal  of  the  type,  which  is  at  the  moment  directly  under  the 
prism.  This  difficulty  is  obviated  by  the  removal  of  the  lever 
refenred  to,  so  that  just  at  the  moment  when  such  a  joint  reaches 
the  wheel  B^,  the  prism  is  always  over  a  hollow  between  two  types, 
the  line  is  therefore  interrupted. 

Fig.  105. 


The  rate  of  telegraphing  messages  set  before-hand  by  means  of 
the  apparatus  described,  considerably  exceeds  what  could  formerly 
be  reached.  The  apparatus  already  constructed  allow  of  a  rate  of 
60  to  80  words  a  minute,  but  there  is  nothing  to  prevent  the  speed 
being  considerably  increased. 

The  distance  over  which  the  apparatus  will  work  is  very 
considerable,  so  that  direct  correspondence  without  translation 
appears  possible  between  most  of  the  principal  European  towns. 
If  for  all  that  a  translation  could  not  be  somewhere  avoided,  it 
could  be  arranged  according  to  the  above  diagram.  Fig.  105.  A 
polarized  relay  P,  joined  up  in  the  arriving  current  at  the  trans- 
mitting station,  closes  (according  as  its  tongue  lies  against  the  rest 
or  against  the  telegraph  contact)  one  or  other  of  two  oppositely 
connected  batteries,  both  of  which  send  their  current  through  the 
primary  coil  p  but  in  the  opposite  directions.  In  consequence  of 
this  the  secondary  coil  S  connected  up  between  earth  and  the 
extension  of  the  line,  sends  a  positive  induction  impulse  into  it,  as 
often  as  the  tongue  is  laid  against  the  telegraph  contact  by  means 
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of  the  arrival  of  a  positive  can*ent,  and  a  negative  as  offcen  as  the 
tongne  returns  to  the  rest  contact. 

The  apparatus  described  has  been  set  up  by  way  of  experiment 
about  a  year  ago,  at  several  Prussian  telegraph  stations,  and  used 
for  the  regular  despatch  of  messages.    As  already  pointed  out, 
the   nttendunt    advantage  is  that  with  one  conducting  wire,  6 
or  7  times  as  many  words  can  be  sent  as  by  hand  work  with  a 
Morse  Key.     Further  there  is  no  likelihood  of    error  of  the 
telegraphist  in  sending  the  message,  for  the  sentence  can  be 
verified  before  despatch.    Finally  the  printing  is  almost  mathe- 
matically correct,  there  are  consequently  much  fewer  errors  of 
reading.    On  the  other  hand,  setting  up  the  messages  requires 
almost  as  much  time  as  hand  telegraphy,  and  the  repeating  of 
messages  is  less  easy,  because  a  greater  number  of  messages  must 
always   be  sent  consecutively  without  interraption.     The  new 
system,  therefore,  will  only  be  of  special  use  between  such  distant 
main  points  for  which  the  existing  wires  do  not  suffice,  in  order  to 
forward  the  accumulating  messages  quickly  enough.    In  these 
cases,  certainly  no  labour  is  saved  at  the  receiving  and  despatch- 
ing stations,  and  therefore  a  mess£^e  despatched  with  ovenvorked 
lines,  does  not  arrive  more  quickly  at  the  place  of  its  destination  ; 
but  the  laying  and  maintenance  of  new  lines  between  the  places 
in  qnestion  is  avoided,  and  the  accumulation  of  undispatched  mes- 
sages in  times  of  great  congestion,  where  it  depends  especially 
upon  quick  forwarding,  prevented.    If  it  is  further  considered  that 
there  are  technical  impediments  to  the  farther  increase  of  con- 
ducting wires  along  railway  lines  which  will   be  considerably 
increased  with  the  further  development  of  telegraphy,  and  that 
edch  new  wire  suspended  from  the  posts  reduces  the  safety  of  the 
service  of  the  existing  wires,  it  cannot  be  denied  that  the  new 
apparatus  is  of  considerable  importance.    • 
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ALTERED  CONSTRUCTION  OF  SIEMENS  AND 
HALSKE'S  QUICK  TYPE  WRITER  TO  BE  WORKED 
BY  BATTERY  CURRENTS* 

With  the  magneto-electric  quick  type  writer  described  and 
represented  in  this  journal  in  the  11th  annual  issue,  1864,  t  the 
use  of  induction  currents  has  not  proved  in  the  long  run  as  bene- 
ficial as  at  first  thought,  one  was  entitled  to  hope.  The  difficulties 
arising  in  its  use  were  partly  due  to  the  fact  that  with  the  short 
duration  of  the  induction  currents  even  the  slightest  alteration  of 
form  of  the  projections  of  the  type  even  through  wearing  away  of 
the  corners,  and  the  slightest  shifting  of  the  type,  produced  false 
signals,  partly  to  the  circumstance  that  induction  currents  are 
influenced  in  a  greater  measure  than  battery  currents  by  the  faults 
of  insulation  already  existing  in  the  line. 

Therefore  the  existing  apparatus  at  the  request  of  the  Royal 
Prussian  Telegraph  Office  was  altered  by  abandoning  magneto- 
inductors  and  using  battery  currents.  The  construction  which 
Messrs.  Siemens  and  Halske  have  finally  given  to  this  apparatus 
for  the  purpose,  is  shown  in  Figs.  106  to  108. 

The  alteration  is  confined  to  the  signal  sender.  The  receiving 
instrument  is  the  same  as  formerly,  namely,  a  polarized  Morse 
inker  apparatus.  Conformably  to  the  nature  of  this  apparatus 
the  signal  sender  had,  therefore,  to  be  arranged  in  such  a  way  that 
it,  just  like  the  magneto  inductor  formerly  used,  sends  currents  of 
alternating  direction  into  the  line ;  that  it  therefore  connects,  for 
example,  the  zinc  pole  of  the  battery  with  the  line,  and  its  carbon 
pole  with  earth,  when  a  signal  is  to  appear  at  the  other  station, 
and  that  inversely  it  connects  carbon  to  line  and  zinc  to  earth, 
when  the  signal  is  to  be  interrupted  and  the  armature  lever  of  the 
Morse  is  for  that  purpose  to  be  brought  back  to  the  position  of 
rest. 

Fig.  106  shows  the  front  view.  Fig.  107  the  upper  view  of  the 
sending  apparatus.  Fig.  108  the  view  of  the  contact  lever  after 
removal  of  the  part  of  the  apparatus  in  front  of  it  and  the  slide 

*  Journal  of  the  Deutsch-Oesterr.  Telegr.  Verein,  Vol.  XIV.  p.  29.    1866. 
t  See  the  previous  paper  in  this  collection,  p.  19. 
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vhich  those  purU  hide  in  Fig.  106  ;  id  all  cases  in  3>10bhB  of  the 
actnal  siie. 

The  under  frame  with  pedal,  lever,  and  flj-wheel  hss  re- 
tained the  previonB  constmction  and  is,  therefore,  not  shown 
here.  A  small  leather  helt  carried  over  the  flywheel  and  a  small 
polley  fixed  on  the  horizontal  uile  WW  transfers  the  motion  of  the 
flrwheel  to  that  axle  which  here,  as  the  indnctor  is  omitted,  merely 
serves  to  pnsh  the  type  carrier  forward.  It  carries  for  this  pnr- 
pose  two  short  cylindrical  pieces  8  (Fig.  lOG),  on  the  anrface  of 

Fig.  106. 


which  coarse  screw  threads  are  cut,  which  gear  into  suitably  cut 
toothed  wheels  EB  (Fig,  107),  fised  to  transversi;  axles.  To  the 
front  end  of  these  transverse  axles  two  discs  VV  are  fixed,  on  the 
circnmference  of  which  a  triangular  groove  is  turned,  on  these 
discs  the  type  carrier  M  rests,  the  under  prismatic  edge  of  which 
fitsin  the  grooves.  Two  BimilargTooveddi8caV,Vi,wLicLare  fixed  in 
the  fork  Uj  on  the  standards  U,  gear  from  above  over  tlic  similarly 
triangularly-pointed  upper  edges  of  the  carrier,  and  are  pressed 
against  it  by  strong  springs  U, ;  the  approach  of  tlie  disc  Y,  to  the 
carrier  is  limited  by  the  first  of  the  set  screns  uu  and  u,u,  carried 
by  the  standards  U,  which  rest  against  a  massive  coutinuation  U, 
of  the  fork  Uu  while  the  other  two  serve  for  straining. the  springs 
Uf    These  fonr  grooved  discs  VVV,V,  form  the  guides  of  the  typo 


206 


THE   SCIENTIFIC  PAPERS,   ETC.,    OF 


carrier,  and  the  first  two  cause  at  the  eame  time  its  forward 
motion.  The  channels  NN,  projecting  on  both  sides,  form  ext«a- 
sions  of  the  guide  and  serve  for  bringing  up  the  new  carrier  as 
well  as  for  the  preliminary  support  of  the  pieces  already  passed. 

Fig.  107. 


The  pocket  for  the  types  is  at  the  front  side  of  the  carrier,  as  seen 
in  Fig.  107.  A  spiral  fixed  to  the  fork  of  the  right  disc  Vj,  glides 
over  the  heads  of  the  types  and  presses  them  immediately  before 
they  reach  the  place  of  contact  into  their  normal  position,  and  in 
order  to  prevent  a  possible  shaking  of  the  type  at  the  moment 


Fig.  108. 


they  are  under  the  nose  of  the  contact  lever,  there  stands  at  this 
place  before  the  earner  a  fifth  horizontal  roller  X,  ixime  by  the 
fork  Y,  which  is  laid  gainst  the  respective  type  by  the  spring  Z 
and  presses  these  hard  against  the  carrier. 

The  lever  h,  which  with  the  prism  fixed  on  its  left  arm  lies  on 
the  upper  edge  of  the  type  passing  below  it,  and  by  the  rising  and 
falling  of  which  the  projections  of  the  types  produce  the  necessary 
change  in  the  direction  of  the  cun-cnt  can  be  seen  in  each  figore  ; 
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it  rests  on  a  long  axle  a  (Fig.  107),  which  has  its  pivots  in  the 
angular  pieces  A  and  A| ;  the  spring  /  working  on  its  right  arm 
holds  the  prism  on  the  other  arm  in  constant  contact  with  the 
types. 

The  axle  Oj  which  takes  part  in  the  motions  of  the  lever  A, 
rigidly  connected  to  it,  bears  at  its  other  end  two  arms,  k^  and  k^y 
also  £xed  to  it,  which  effect  the  commutation  of  the  circuit. 
In  Fig.  108  the  front  view  of  this  part  is  specially  shown 
— a  longitudinal  section  immediately  behind  the  pulley  W — the 
upper  view  is  shown  in  Fig.  107.  On  each  of  two  blocks  of 
insulating  black  material  EK  is  fixed  a  metallic  au^le-picce 
P  or  Q  aud  a  metal  block  C  or  B ;  the  first  carry  the  upward 
turned  contact  screws  ji?  or  ^  ;  on  the  latter  are  screwed  horizontal 
spring  metal  strips  c  ov  h  \  which,  left  to  themselves,  would  lie 
against  those  contact  screws.  The  ends  of  these  strips  are 
directly  under  the  contact  pins,  fixed  to  the  arms  k^  and  k^  so 
that  now  one,  now  the  other  of  these  arms  comes  in  contact  with 
the  corresponding  strip,  according  to  the  position  of  the  angle  a, 
and  the  lever  h  presses  it  up,  and  thereby  breaks  its  contact  with 
the  contact  screwy?  or  g,  whilst  the  other  arm  lets  go  the  strip 
lying  opposite  to  it,  so  that  it  can  lie  against  the  contact  screw. 
The  insulated  pillars  which  stand  under  the  strips  are  not  contact 
points  but  only  have  the  function  of  catching  up  the  strips  so  that 
they  shall  not  be  bent  too  much,  and  thereby  limit  at  the  same 
time  the  play  of  the  lever  h. 

The  body  of  the  apparatus  and  the  axle  a  are  permanently 
connected  with  the  zinc  pole  of  the  batteiy,  the  contact  screws  p 
and  q  are  connected  with  the  carbon  pole  of  the  battery  through 
the  wires  pi  and  q^.  The  wire  bi  leads  from  the  strip  h  to  the 
conductor,  and  lastly,  the  strip  c  is  connected  through  c^  with  the 
earth.  If  the  prism  of  the  lever  h  rests  on  a  projection  of  a  type, 
the  arm  ki  is  raised  and  out  of  contact  with  the  strip  c,  which,  on 
the  contrary,  lies  against  the  contact  screw  ji?,  the  arm  k^  is,  on  the 
contrary,  depressed,  stays  in  contact  with  the  strip  h  and  breaks 
its  contact  with  the  screw  q  ;  now  the  zinc  pole  of  the  battery  is 
connected  through  k^  and  h  with  the  line,  the  carbon  pole, 
on  the  contrary,  through  p^,  p  and  c  connected  with  earth,  and  a 
negative  current  passes  to  line,  which  at  the  further  station  lays 
the  writing  lever  against  the  paper.     But  if  the  prism  of  h  falls 
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into  a  hollow  of  the  type,  the  arm  lo  goes  down,  comes,  after 
raising  of  the  contact  between  'p  and  c,  in  contact  with  c^,  whilst 
on  the  right  side  the  strip  hy  which  has  been  set  fi^ee,  lies  against 
the  contact  screw  q^ ;  now  a  positive  current  goes  to  line,  which 
carries  back  the  lever  to  the  rest  position  at  the  other  station. 

This  consideration  of  the  manner  of  working  shows  further, 
that  the  types  must  now  have  a  shape  different  from  that  in  the 
apparatus  working  with  induction  currents  ;  the  projections  must 
correspond  simply  in  order  and  length  with  the  dots  and  dashes, 
the  gaps  in  the  types  on  the  contrary  with  the  spaces  between  the 
signs. 

As  there  would  be  no  object  in  allowing  the  message  sent  to 
appear  also  on  its  own  apparatus,  this  is  cut  out  on  sending ;  there 
is  for  this  purpose  a  simple  commutator,  by  means  of  which,  as 
desired,  either  the  current  sender  can  be  inserted  with  the  battery, 
or,  for  receiving,  the  polarized  Morse  apparatus  between  conductor 
and  earth.  Up  to  now,  moreover,  only  the  central  Berlin  station 
is  furnished  with  three  current  giving  apparatus,  the  corresponding 
distant  stations  have  only  the  polarized  Morse  as  the  receiving 
instrument,  which  can  then  be  joined  up  in  the  usual  way  between 
the  key  and  earth  ;  the  queries  and  repetitions  are  given  with  the 
ordinary  key  and  received  on  a  blue  inker  ;  besides  the  printing 
now  appears  so  correct  that  there  is  seldom  any  occasion  for 
extensive  explanations. 


ELECTRIC  TELEGRAPHY.* 

Electric  telegraphy,  or  the  art  of  writing  at  a  distance,  so  called 
from  the  Greek  tele,  distant,  and  graphein,  to  write,  is  altogether 
a  child  of  our  century,  so  rich  in  great  discoveries  and  inventions 
deeply  influencing  the  social  life  of  mankind.  Older  communica- 
tions regarding  proposals  or  contrivances  for  sending  messages 
from  one  room  to  the  neighbouring  one  by  means  of  frictional 

♦  Part  22  of  the  popular  collection  of  scientific  addresses,  edited  by  Rud 
Virchow  and  Fr.  v.  HoUzendorfl",  1866. 
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electricity^  then  alone  known,  certainly  already  existed  ;  they  were, 
however,  only  fruitless  electric  toys,  which  cannot  be  looked  upon 
as  the  first  step  of  existing  electrfc*telegraphy. 

The  wondeiful  discoveries  of  the  learned  Italians,  Galvani  and 
Yoita,at  the  close  of  the  last  centuiy,  first  led  to  the  knowledge  of 
the  continuous  electric  or  galvanic  current,  and  thereby  furnished 
the  basis  of  the  electric  telegraph.  Alessandro  Yolta,  who  first 
recognized  that  difierent  metals  became  oppositely  electrified  by 
contact,  and  that  Galvani*s  frog's  legs  suspended  from  an  iron 
railing  by  means  of  a  copper  hook  were  convulsively  moved 
because  an  electric  current  traversed  them,  who  further,  by  means 
of  this  knowledge,  was  led  to  the  construction  of  the  galvanic 
battery,  and  made  us  acquainted  with  important  phenomena  of 
the  permanent  galvanic  ourrent  produced  by  it,  rightly  deserves  to 
be  called  the  true  father  of  the  electric  telegraph. 

One  of  these  properties  of  the  electric  current  here  assumed 
to  be  known  consists  in  its  decomposing  acidulated  water 
into  its  chemical  elements,  oxygen  and  hydrogen  when  it 
passes  through  it.  A  few  years  only  after  Yolta's  dis- 
coveries became  known,  in  the  year  1808,  the  physician  Dr. 
Sommering,  of  Munich,  made  the  proposal  to  use  this  pro- 
perty of  the  electric  current  to  connect  distant  places  by  means 
of  the  electric  telegraph.  He  intended  to  connect  the  two  places 
by  as  many  insulated  wires,  t.«.,  wires  separated  at  all  points  from 
one  another  and  from  the  earth  by  non-conductors  of  electricity, 
as  there  are  letters  in  the  alphabet.  At  ^ch  station  a  glass  vessel 
filled  with  acidulated  water  and  a  key-board  were  to  be  set  up. 
The  liquids  in  the  two  glass  vessels  were  in  conductive  connection 
with  one  another  by  a  separate  wire,  the  ends  of  which  dipped 
into  the  water.  Besides  in  each  of  the  glass  vessels  twenty-six 
gold  tips  were  fixed,  each  of  which  was  plainly  marked  with  a 
letter  of  the  alphabet.  The  similarly  marked  tips  were  in  conduc- 
tive connection  by  means  of  one  of  the  wires.  If,  therefore,  at  one 
of  the  two  stations,  one  of  the  two  tips  with  its  connected  wire  was 
brought  into  conductive  connection  with  one  pole  of  a  galvanic 
battery  or  pile,  of  which  the  other  pole  was  connected  with  the  27th 
wire,  which  joined  up  the  liquids  in  the  vessels,  by  pressing  down 
the  similarly  marked  keys  of  the  keyboard  an  electric  current 
must  arise  which  started  from  one  pole  of  the  battery^  traversed 
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the  wire  to  the  other  station,  there  passed  irom  the  gold  tip 
through  the  water  to  the  common  return  wire,  and  returned  thenoe 
to  the  other  pole  of  the  batt^y.  A  development  of  gas  bubbles 
then  took  place  at  the  respective  gold  tip,  by  which  the  observer 
was  able  to  discover  which  key  his  correspondent  had  pressed 
down,  which  letter  of  the  alphabet  he  consequently  wished  to 
denote.  It,  therefore,  only  required  that  the  communication  to 
be  made  should  be  spelt  out  in  slow  succession  by  the  pressing 
down  of  the  corresponding  keys  to  make  it  comprehensible  to 
him. 

Sommering  brought  this  first  electric  telegraph  to  the  notice  of 
the  Academy  of  Munich.  It  has  not,  however,  come  into  practical 
use,  for  the  large  number  of  wires  necessary,  the  diflSculty  of  in- 
sulating them,  and,  besides,  the  novelty  of  the  thing  prevented  a 
practical  application  being  carried  out.  Notwithstanding  this 
Sommering  deserves  the  credit  of  having  first  recognized  the  great 
practical  advantage  which  Yolta^s  discovery  was  in  the  position 
of  bringing  to  mankind,  and  one  must,  therefore,  call  him  the 
inventor  of  the  electric  telegraph. 

The  greatest  hindrance  to  the  application  of  Sommering's 
telegraph  consisted,  however,  in  the  great  number  of  wires  which 
it  necessitated.  Professor  Schweigger,  of  Erlangen,  therefore 
proposed  to  use  only  two  instead  of  the  twenty-six  gold  tips,  and 
to  connect  these  by  means  of  two  conducting  wires.  By  means  of 
a  suitable  mechanical  arrangement,  whoever  wished  to  make  a 
telegraphic  communication  should  be  in  the  position  to  bring  his 
battery  in  one  or  other  direction  between  the  two  wires,  f.e.,  either 
to  bring  the  positive  or  copper  pole  of  the  battery  into  conductive 
connection  with  the  first,  and  the  negative  or  zinc  pole  with  the^ 
second  wire,  or  inversely  the  positive  with  the  second  and  the  zinc 
pole  with  the  first.  Since,  as  is  known,  the  hydrogen  which  is 
produced  at  that  gold  tip  which  is  connected  with  the  negative 
pole  of  the  battery,  occupies  twice  as  much  space  as  the  oxygen 
simultaneously  produced  at  the  other  pole,  therefore  a  careful 
observer  could  recognize  the  two  tips  by  the  greater  number  of 
gas  bubbles,  which  fonned  at  the  one  or  other  point,  with  which 
his  correspondent  had  connected  the  negative  pole  of  his  battery. 
Schweigger  now  proposed  that  an  alphabet  should  be  agreed  to,  in 
which  each  letter  should  be  represented  by  a  determined  sequence 
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of  gas  eyolntionB  of  both  kinds — ^that  is  greater  deyelopment  of 
gas  at  the  first  or  the  second  tip.  If  the  sender  as  well  as  the 
receiver  of  the  telegraphic  conununication  had  this  alphabet  in 
his  head,  then  the  same  thing  could  be  attained  with  two  wires 
that  Sommering  obtained  with  twenty-seven  wires. 

Schweigger's  proposal  coold  not  have  a  practical  result  any  more 
than  Sommering's,  for  the  knowledge  of  the  laws  of  the  galvanic 
current  was  too  incomplete,  and  technical  knowledge  not  suffi- 
ciently extended  to  be  able  to  overcome  all  the  difficulties  opposed 
to  its  accomplishment.  It  was,  however,  of  great  importanoey  as 
it  first  showed  that  by  means  of  a  single  circuit  complete  tele* 
graphic  correspondence  could  be  effected  by  compound  signs  for 
the  separate  letters  or  other  telegraphic  signals. 

A  second  period  of  the  gradual  development  of  the  electric 
telegraph  is  connected  with  Oersted's  discovery  in  Copenhagen  in 
the  year  1820.  Oersted  found  that  the  electric  current  deflects 
the  free  swinging  magnetic  needle,  when  it  is  led  parallel  over  or 
under  it,  and  that  the  direction  of  this  deflection  is  dependent  on 
the  direction  of  the  electric  current. 

In  this  way  a  new  means  was  obtained  of  recognizing  the 
existence  and  direction  of  an  electric  current  in  a  wire.  Ampdre, 
in  Paris,  who  studied  this  property  of  the  electric  current  more 
closely,  made  the  proposal,  as  early  as  1820,  to  employ  the  deflec* 
tion  of  the  magnetic  needle  instead  of  the  decomposition  of 
water  for  the  construction  of  an  electric  telegraph.  He  proposed 
to  hang  as  many  magnetic  needles  at  the  distant  station  as  there 
are  letters  in  the  alphabet.  A  wire  was  to  be  led  under  each 
needle  which  went  to  the  other  station  and  back,  and  through  it 
electric  currents  could  be  sent  by  means  of  a  key-board.  The 
needles  were  to  carry  light  screens  which  concealed  the  letters 
standing  behind  them.  If  the  needles  were  deflected  one  after 
another,  the  letters  previously  concealed  would  be  seen  in  a  similar 
sequence,  and  it  was  only  necessary  to  read  them  in  order  to  get 
the  message. 

Fechner,  of  Leipzig,  busied  himself  with  the  simplification  of 
this  proposal  as  Schweigger  modified  Sdmmering's  proposal.  He 
wished  to  employ  only  two  wires  and  one  magnetic  needle,  and 
to  use  its  deflections  to  the  right  or  left  as  elementary  signals  from 
which  an  alphabet  should  be   compounded.     Schweigger   and 

p  2 


212  THE   SCIENTIFIC  PAPERS,   ETC.,    OF 

Poggendorf  had  by  that  time  found  that  the  force  with  which  the 
electric  current  led  above  or  below  the  magnetic  needle  deflects  it 
may  be  considerably  increased  by  carrying  the  wire  round  the 
needle  in  seTcral  convolutions  in  the  same  dii'ection.  In  order  to 
effect  this  without  giving  the  electricity  the  chance  of  passing 
from  one  convolution  to  another,  the  wires  were  thickly  covered 
with  silk.  As  silk  does  not  conduct  electricity,  and,  therefore, 
insulates  it,  the  electricity  could  not  pass  directly  from  one  wire 
to  the  next,  but  must  traverse  the  whole  length.  By  means  of 
such  a  Schweigger  multiplier  a  very  weak  current  becomes  able  to 
deflect  a  magnetic  needle  quickly  and  powerfully.  Fechner  recog- 
nized from  this  the  possibility  of  connecting  places  far  distant 
from  one  another  telegraphically,  and  calculated  the  number  and 
size  of  pairs  of  plates  or  cells  which  the  battery  had  to  have  for 
this  purpose. 

Thus  the  scientific  foundation  for  a  practical  electric  telegraph 
was  laid,  and  in  fact  the  needle  telegraphs  still  in  use  in  many 
places,  especially  in  England,  agree  essentially  with  Fechner's- 
proposal. 

A  third  period  in  the  development  of  telegraphy  is  connected 
with  Arago's  discovery  in  Paris  and  Faraday's  in  London.  Araga 
found  that  the  electric  current  made  iron  magnetic,  which  was  in 
its  neighbourhood,  that  the  magnetism  so  produced  in  hardened 
steel  was  to  a  great  extent  permanent,  whilst  soft  iron  lost  it 
again  as  soon  as  the  electric  current  ceased.  This  action  was 
especially  powerful,  when,  as  in  the  Schweigger  multiplier,  the 
current  was  led  round  an  iron  rod  in  several  convolutions.  The 
iron  rod  thus  becomes  a  powerful  magnet  which  attracts  neigh- 
bouring iron.  If  the  conductive  connection  of  the  wire  coils 
with  the  poles  of  the  battery  is  anywhere  broken,  the  magnetism 
of  the  iron  rod  ceases,  and  this  allows  the  attracted  iron  to  fall 
again.  The  action  described  of  such  an  electro-magnet  is  par- 
ticularly powerful,  if  the  piece  of  iron  surrounded  with  an 
insulated  wire  has  the  shape  of  a  horse-shoe,  and  its  two  end  or 
polar  surfaces  are  opposite  to  the  iron  plate  to  be  attracted. 

Faraday's  discovery  is  equally  important.  If  two  metal  wire& 
are  stretched  parallel  to  one  another  at  a  slight  distance  apart,  and 
the  ends  of  one  wire  are  connected  together  in  a  long  loop ;  a  short 
electric  cuiTent  is  produced  in  this,  if  the  ends  of  the  other  wire 
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ftre  connected  with  the  poles  of  a  galvanic  battery,  and  an  electric 
current  therefore  trayerses  it.  As  long  as  this  current  continues, 
no  current  is  observed  in  the  neighbouring  wire,  but  when  it  is 
broken,  there  arises  in  the  neighbouring  wire  a  short  current  of 
the  same  strength  as  the  first  but  in  the  opposite  direction.  This 
is  expressed  by  saying  that  the  starting  of  an  electric  current  pro- 
duces or  induces  in  neighbouring  conductors  a  short  current  of 
opposite  direction,  whilst  its  stoppage  produces  a  similar  current 
of  like  direction.  Such  transient  currents  of  alternating  direction 
are  equally  produced  in  conductors  of  electricity  by  the  appear- 
ance or  disappearance  of  magnetism  in  iron  or  steel.  This 
phenomenon  is  specially  powerful  if  a  coil  of  covered  copper  wire 
is  placed  on  a  magnetic  steel  bar,  or  the  steel  magnet  is  drawn 
quickly  out  of  it  But  in  place  of  this  a  soft  iron  bar  can  be 
placed  in  the  coil  of  wire  and  the  bar  be  magnetised  in  the  way 
abeady  described  by  the  electric  current  of  a  galvanic  battery, 
and  by  breaking  the  connection  of  the  battery  the  magnetism  be 
caused  to  disappear  again.  In  both  cases  short  currents  of 
opposite  direction  are  obtained  in  the  wire  coil,  which  are  known 
as  induced  or  magneto-electric  currents. 

Gauss  and  Weber,  in  Gottingen,  made  use  of  this  discovery  for 
the  construction  of  an  electric  telegraph.  This  differed  from 
those  previously  used  essentially  in  the  electric  current  being 
produced  not  by  a  galvanic  battery  bub  by  steel  magnets.  For 
the  rest  they  followed  Fechner's  proposal  to  use  only  one  conduct- 
ing circuit  and  to  compound  the  alphabet  out  of  groups  of  two 
elementary  signs,  the  deflections  of  the  needle  to  the  right  and 
left.  Instead  of  the  light  magnetic  needle  Gauss  and  Weber  used, 
however,  a  stronger  bar  magnet  with  a  small  mirror,  in  which 
they  observed,  by  means  of  a  telescope,  the  image  of  an  illuminated 
scale  with  narrow  divisions.  As  by  this  means  the  slightest 
turning  of  a  magnet  bar  hung  to  a  silk  thread  could  be  clearly 
perceived,  the  coil  of  wire  placed  between  the  poles  of  two  power- 
ful bar  magnets  at  the  other  station,  which  was  connected  with 
the  ends  of  the  two  leading  wires  at  that  end,  only  required  to  be 
moved  a  little  towards  the  one  or  the  other  magnet  pole  and  back 
again  in  order  to  make  a  clear  movement  of  the  scale  visible  in 
the  mirror  to  the  right  or  left. 

This  telegraph  of  Gauss  and  Weber  deserves  special  notice* 


214  ^^^    SCIENTIFIC  PAPERS,   ETC^    OF 

beoanse  it  was  the  first  actaallj  carried  out^  and  served  from  1833 
to  1844  for  the  telegraph  connectioa  between  the  Magnetic  and 
Astronomical  Observatory  at  Gottingen.  In  the  latter  year  this 
first  conductor  carried  throagh  the  town  of  Gottingen  was  struck 
by  lightning,  which  completely  destroyed  it. 

Incited  by  Gauss  and  Weber's  brilliant  success,  Steinheil,  in 
Munich,  busied  himself  with  the  practical  production  of  the 
electric  telegraph.    His  telegraph  installation  which  connected  the 
Academy  buildings  in  Munich  with  the  Observatory  in  the  neigh- 
bouring town  of  fiogenhausen,  and  had  two  intermediate  stations, 
was  completed  in  the  year  1837,  and  was  thus  the  second  which 
actually  came  into  existence.    Steinheil  also  made  use  of   the 
magneto-electric  currents  produced  by  steel  magnets  instead  of 
galvanic  currents.    In  the  receiving  apparatus  he  led  the  multi- 
plier wire  around  two  small  magnet  needles,  so  placed  behind  one 
another  that  the  south  pole  of  the  one  and  the  north  pole  of  the 
other  were  near  to  one  another.    If  an  electric  current  passed 
through  the  line  and  multiplier  wire  which  was  in  circuit  with  it 
and  therefore  formed  a  part  of  it,  then  both  needles  were  deflected 
in  the  same  direction  to  the  right  or  left,  according  to  the  direction 
of  the  current,  consequently  one  of  the  neighbouring  ends  of  the 
needle  came  out  of  the  multiplier  whilst  the  other  moved  back. 
Steinheil   now  provided   these   middle    needle  ends  with  small 
reservoirs  filled  with  colour,  which  on  the  further  side  had  fine 
pierced  points.    A  strip  of  paper  was  carried  past  these  points  by 
clockwork.    If  a  message  was  sent  one  or  other  point  touched  the 
paper  according  as  a  positive  or  negative  current  passed  through 
the  line  and  left  behind  it  a  coloured  dot.    The  message  was  in 
this  way  written  down  on  the  paper  strip.    Steinheil,  therefore,  has 
the  merit  of  having  first  proposed  and  practically  introduced  a 
writing  telegraph.    Steinheil  also  first  used  acoustic  signals,  as  he 
placed  little  bells  of  different  tones  opposite  the  outer  ends  of  his 
magnet  needles  not  provided  with  a  colour  reservoir.    These 
served  not  only  for  the   purpose  of    calling  the   attention   of 
the   operator,    he   was  also   able    to  understand    the  meaning 
of  the  communication    by  the  sound.     Finally  Steinheil  also 
succeeded  in  reducing   the  number  of  necessary  leading  wires 
to  a  single  one,  since  he  completed  the  circuit  of  the  electric 
cnrrent  by  means  of  the  earth  itself.    As  is  known,  water  conducts 
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elecbricitj,  although  only  slightly  when  in  tlie  pare  condition.  If 
one,  therefore,  sinks  at  each  end  of  an  insulated  conductor  a  pretty 
large  metal  plate  in  open  water  or  in  damp  earth,  the  conductive 
damp  earth  replaces  the  second  or  return  conductor.  As  a  wire  or 
any  other  conductor  conducts  electricity  so  much  the  better  the 
greater  its  section,  and  as  the  current  passiug  from  one  sunk  plate 
to  the  other  can  spread  itself  in  the  damp  earth  surface — ^indeed, 
strictly  considered,  it  must  pass  through  all  its  parts — the  earth 
takes  the  place  of  a  conducting  wire  of  infinite  thickness,  which, 
therefore,  conducts  Tery  well,  although  formed  of  badly  conductiug 
material. 

Simultaneously  with  Steinheil,  Schilling  von  Cannstadt,  of  the 
Russian  Baltic  provinces,  busied  himself  with  improving  the 
electric  telegraph.  In  principle,  his  telegraph  was  similar 
to  Fechner's  proposal,  yet  he  introduced  several  practical  im- 
provements. Among  others  he  combined  with  it  an  alarm — a 
clockwork  with  bells,  which  was  released  on  the  first  deflection 
of  the  needle. 

As  appears  from  what  precedes,  the  notion  of  the  electric  tele- 
graph has  slowly  developed  in  the  course  of  a  quarter  of  a  century. 
On  each  scientific  discovery,  by  which  better  means  were  given  for 
its  realization,  proposals  immediately  followed  for  the  better  con- 
struction of  the  electric  telegraph.  The  question,  therefore,  can- 
not be  answered  who  was  the  actual  inventor  of  it.  The  invention 
was  the  product  of  the  intelligence  of  our  century,  which  difiers 
so  essentially  from  all  previous  centuries  in  being  directed  to  the 
study  of  natural  phenomena  and  seeks  to  fathom  its  laws  in  order 
to  make  them  serviceable  to  man.  Although  in  earlier  times  such 
an  endeavour  had  frequently  arisen,  and  a  considerable  store  of 
knowledge  and  experience  had  in  consequence  already  been  col- 
lected, it  remained  known  in  only  a  small  circle.  Only  since  the 
invention  of  printing,  in  consequence  of  which  the  idea  or  obser- 
vation of  one  soon  became  the  general  property  of  the  whole 
civilized  world,  could  the  prodigious  stores  of  knowledge  and  ex- 
perience be  collected,  which  forms  the  true  wealth  of  the  human 
race  and  the  inexhaustible  source  which  each  year  brings  its  new 
forces  and  new  means  to  improve  and  beautify  its  existence. 

Whilst  the  professor  collects  scientific  observations,  extends  and 
Bystematically  sets  them  in  order  and  explains  them,  the  craftsman, 
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the  technical  man,  odIj  specalates  how  he  can  apply  this  extension 
of  knowledge  to  the  improvement  of  his  trade  or  for  new  produc- 
tions. E&ch  thought  works  productiTely  and  produces  in  other 
heads  new  ones,  which  in  themselves  perhaps  impracticable,  yet  on 
their  side  again  may  form  the  starting  point  of  important  inven- 
tions. Thus  has  telegraphy  arisen,  and  by  degrees  built  up  it» 
present  importance,  which  was  hardly  to  be  conceived  a  few 
generations  ago. 

Up  to  the  end  of  the  third  period,  some  thirty-five  years  ago,  it 
was  German  scientific  men  in  particular  who  grasped  and  fostered 
the  idea  of  an  electric  telegraph.  Industry  now  takes  possession 
of  these  notions,  and  we  see  a  race  amongst  all  civilized  nations  to 
begin  practically  to  develop  and  realize  them.  In  this  fourth  or 
practical  period  which  is  now  beginning,  the  Anglo-Saxon  race  first 
took  the  lead,  which  is  distinguished  by  a  more  practical  direction 
than  others.  The  American  Morse  and  the  Englishman  Wheat- 
stone  gained  special  merit  in  the  construction  of  practically 
applicable  telegraph  apparatus,  the  proper  laying  of  lines,  and  the 
introduction  of  the  electric  telegraph  into  public  life.  As  the 
Morse  telegraph  lies  at  the  foundation  of  the  present  great  tele- 
graph network  of  the  world,  it  will  be  here  described  more  at 
length,  whilst  the  small  space  of  this  paper  only  permits  of  a 
hasty  review  of  the  other  numberless  constructions.  Morse  used 
for  the  construction  of  his  telegraph  Arago^s  above  mentioned 
discovery,  that  the  electric  current  magnetizes  temporarily  iron  in 
its  neighbourhood.  If  the  wire  coils  of  an  electro-magnet  are 
inserted  between  the  end  of  a  telegraph  conductor  and  the  earth, 
the  armature  will  be  attracted  by  it  so  long  as  a  current  passes 
through  the  line,  and  falls  away  again  when  the  current  is  inter- 
rupted. Following  Steinheil's  example,  Morse  led  a  strip  of  paper 
over  a  rounded  point,  which  was  fixed  at  the  end  of  a  lever 
revolvable  around  a  pivot.  The  armature  of  the  electro-magnet 
was  fixed  to  this  lever.  If  a  current  passed  through  its  windings 
and  if  the  armature  was  thereby  attracted,  the  point  was  pressed 
a  little  into  the  paper  and  formed  a  dot  on  it,  when  the  attraction 
only  lasted  a  moment,  a  dash  on  the  other  hand  when  the  current 
lasted  longer.  At  the  other  end  of  the  line  was  a  push,  also 
called  a  key.  By  pressing  it  down  the  person  who  wished  to  send 
a  message  placed  the  conductor  joined  up  to  the  push  in  con- 
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flection  with  one  pole  of  an  electric  battery,  the  other  pole  of 
which  was  to  earth.  The  circuit  of  the  battery  was  now  completed, 
the  current  passed  through  the  whole  circuit,  consequently  also 
through  the  windings  of  the  magnet  inserted  at  the  other  end  of 
the  line.  This  attracted  its  armature  and  a  stroke  was  commenced 
on  the  paper  strip,  passed  through  by  the  clockwork,  which  lasted 
until  the  current  was  again  interrupted  by  the  release  of  the 
push  drawn  back  by  a  spring. 

The  telegraphist  could  consequently  form  dots  or  dashes  as  he 
desired  on  the  paper  strip  and  separate  them  from  one  another  by 
as  long  intervals  as  he  chose.  If  he  had  an  alphabet  in  his 
head  combined  of  two  elementary  signs,  in  this  case,  therefore,  of 
dots  and  dashes,  as  Schweigger  proposed,  he  could  easily  and  safely 
make  his  correspondent  understand  him. 

The  Morse  telegraph  differs  from  Steinheirs,  essentially  in  that 
the  former  used  electro-magnets  instead  of  magnetic  needles,  and 
combined  his  letters  and  various  signs  represented  on  the  paper 
strip,  out  of  dots  and  dashes,  instead  of  dots  in  two  lines.  Every 
telegraph  apparatus  which  makes  use  of  this  alphabet  combined  of 
dots  and  dashes,  is  called  a  Morse  telegraph,  however  much  it  may 
otherwise  differ  from  the  original  Morse  instrument. 

As  the  electric  current  is  very  much  weakened  by  having  to 
pass  through  long  and  thin  wires,  very  strong  batteries  were 
necessary  to  give  the  electro-magnets  sufficient  strength  for  impress- 
ing the  paper  strips.  This  difficulty  was  removed  by  connecting 
a  so-called  relay  (or  passer-on)  with  the  writing  apparatus.  This 
relay  consists  of  a  small  electro-magnet,  which  is  inserted  in  the 
line.  Above  the  poles  of  this  magnet  is  an  armature  which  turns 
easily  about  an  axle  placed  at  the  side.  The  motion  of  the 
armature  is  limited  to  a  small  amount  by  two  stops,  of  which  one 
consists  of  metal,  and  whilst  the  magnetism  draws  it  against  this 
stop,  a  spring  draws  it  back  again  to  the  other,  when  the  electric 
current  ceases.  For  the  production  of  this  slight  motion,  a  very 
weak  current  suffices  through  the  conductor  and  the  windings  of  the 
relay.  The  armature  lever  of  the  relay  and  its  metallic  stop  or  con- 
tact, form  parts  of  the  circuit  of  a  second  battery  at  the  place  of  the 
receiver,  in  which  also  the  electro-magnet  of  the  writing  apparatus 
is  inserted.  This  auxiliary  battery  is  therefore  closed,  and  the 
armature  of  the  writing  magnet  which  causes  the  impressions  on 
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the  paper  Btrips,  is  strongly  attracted,  so  long  as  a  current  passes 
throngh  the  main  batterj,  and  line  and  relay.  If  this  current 
ceases,  it  also  ceases  in  the  auxiliary  battery,  and  the  dash  made 
by  it  during  the  closing  is  interrupted. 

If  however  subsequently  means  have  been  found  in  Germany 
by  the  aid  of  which  the  dobs  and  dashes  of  the  Morse  writing  are 
no  longer  represented  by  pressing  on  the  strips  of  paper,  but  by 
means  of  black  or  coloured  oil  colours  on  the  paper^  and  therefore 
the  relay  can  now  be  dispensed  with,  yet  to  its  employment  in  the 
Morse  telegraph  the  very  general  use  of  this  telegraph  is  to  be 
ascribed. 

Yet  even  with  the  help  of  the  relay,  the  length  of  the  line 
which  can  be  used  for  the  circuit  of  a  battery  is  limited.  It  is 
only  by  the  translation  invented  in  Germany,  that  the  sphere  of 
action  of  the  Morse  telegraph  has  become  unlimited.  Without 
drawings  and  special  descriptions  this  arrangement  cannot  be 
described  in  detail  so  as  to  be  undei*stood.  It  suffices  here  to 
mention  what  is  attained  by  it.  Without  translation  as  already 
stated  the  sphere  of  the  Morse  telegraph  is  limited.  If  the  mes- 
sages had  to  pass  beyond  this  limit,  the  telegraphist  at  the  first 
receiving  station  had  to  read  the  message  from  the  paper  strip, 
and  send  it  forward  again  by  hand  over  a  new  circuir..  This  must 
be  repeated  at  the  end  of  the  second  circuit  and  so  forth. 
Naturally  by  the  frequent  readings  and  sending  again  of  messages, 
frequent  errors  arise  which  in  the  end  often  make  them  quite  in- 
comprehensible. The  translating  arrangement  automatically 
effects  the  sending  on  again  by  the  receiving  apparatus  itself  of 
the  dots  and  dashes  which  it  receives,  as  short  or  long  currents, 
the  apparatus  itself  therefore  peribrming  the  duty  of  the  for- 
warding telegraphist. 

In  Germany  the  Morse  system  has  lately  been  still  further 
developed  as  the  sending  of  messages  by  the  hand  of  the  telegra- 
phist has  been  quite  obviated.  This  results  from  type  being  cast 
like  print,  which  are  provided  with  suitable  projections  on  the 
upper  edge.  These  types  are  marked  with  the  letters,  which  they 
produce  in  the  Morise  alphabet,  when  they  are  pushed  forward 
under  a  small  lever,  which  is  intended  to  replace  the  hand  of  the 
telegraphist.  If  the  types  are  now  brought  into  a  suitable  mechan- 
ism in  correct  sequence,  it  is  only  necessary  with  its  aid  to  bring 
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them  qnicklj  under  the  lever  ia  order  to  send  on  the  message 
to  the  place  of  address.  In  this  way  however  more  labour  is 
required,  as  the  putting  together  of  the  messages  and  the  subsequent 
sorting  of  the  type,  demands  more  time  than  the  forwarding  of  the 
messages  by  hand,  but  on  the  other  hand  errors  are  avoided,  as  the 
messages  can  be  read  over  before  despatch,  and  as  the  writing  that 
arrives  is  mechanically  correct  and  is  therefore  always  safely  legible. 
This  mechanical  method  of  despatch  has  besides  the  great  advan- 
tage, that  it  can  be  executed  much  more  quickly  than  is  possible 
with  the  hand,  and  therefore  with  one  wire  at  disposal,  5  or  6 
times  as  many  messages  can  be  sent  in  the  same  time.  The 
troublesome  work  of  setting  up  and  sorting  of  the  type,  will 
certainly  be  considerably  simplified  at  an  early  date,  by  the  con- 
struction of  proper  setting  and  sorting  machines. 

As  is  seen  also  in  telegraphy,  the  tendency  is  overwhelming  to 
replace  hand  work  by  the  more  uniform  and  quicker  machine 
work. 

Simultaneously  with  Morse,  Wheatstone  was  engaged  in  £ngland 
with  the  improvement  and  introduction  of  the  electric  telegraph. 
He  pursued  in  this  two  essentially  different  lines,  since  he  first 
considerably  improved  Fechner's  needle  telegraph  and  later  con- 
structed alphabetical  and  printing  telegraphs.  Wheatstone's 
needle  telegraphs  are  still  largely  used  in  England  and  some 
other  countries,  partly  as  single  needle  instruments,  partly 
as  double  needle  telegraphs  with  two  magnetic  needles,  each  of 
which  is  in  communication  with  a  separate  conducting  wire.  The 
deflections  of  the  needle  are  limited  to  a  narrow  play  by  means  of 
ivory  stops  against  which  the  needles  strike,  so  that  an  experienced 
eye  can  easily  and  quickly  tell  by  their  positions  the  letters  which 
are  communicated. 

The  great  simplicity  of  this  apparatus  gave  it  an  extended 
application  in  the  childhood  of  telegraphy.  But  later  there  has 
been  to  a  great  extent  a  change  from  it  to  the  Morse  system,  for 
the  permanent  Morse  writing  on  the  paper  strips  gives  greater 
security  for  the  correct  repetition  of  the  despatches,  than  the  tran- 
sient needle  play.  Wheatstone  himself  sought  some  years  later  to 
remove  this  uncertainty  in  the  reading  of  despatches  by  the  con- 
struction of  the  alphabetical  telegraph.  In  this  the  letters  of  the 
alphabet  are  represented  on  a  dial  in  a  circle,  similarly  to  the 
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figures  on  the  dial  of  a  clock.  By  a  serieB  of  short  electric  carrents, 
which  were  sent  through  the  conductor,  a  pointer  was  directed  to 
that  letter  to  which  the  attention  of  the  receiver  was  to  be  directed. 
This  w&«  effected  by  means  of  a  toothed  wheel  fixed  to  the  axle 
aroond  which  the  pointer  turns,  and  which  has  as  many  teeth,  as 
letters  or  other  signs  are  to  be  found  on  the  dial.  A  small  hook 
gears  in  the  teeth  of  the  toothed  wheel,  which  is  fixed  to  the 
armature  of  an  electro-magnet.  If  a  current  passes  through 
the  windings  of  the  electro-magnet,  the  wheel  and  with  it  the 
pointer  is  moved  a  step  forward.  When  the  current  is  interrupted, 
the  armature  returns  to  its  original  position,  passing  over  the  next 
tooth  of  the  wheel  which  is  arrested  by  a  catdti.  A  second  current 
brings  the  pointer  a  second  step  forward  and  so  forth,  each  current 
a  step.  The  forwarding  station  can  therefore  place  on  any  desired 
sign  of  the  dial  the  pointer  of  the  apparatus  of  the  receiving 
station  by  a  determined  number  of  short  currents  which  it  sends 
through  the  line.  If  the  short  currents  follow  at  a  quick  rate 
until  the  pointer  has  reached  its  goal,  and  if  then  a  slight  pause 
follows,  the  receiver  easily  knows  what  letter  or  other  sign  his 
correspondent  desires  to  indicate.  The  production  of  the  necessary 
number  of  currents  in  order  to  move  the  pointer  forward  from  the 
last  communicated  letter  up  to  the  next  letter  to  be  communicated, 
Wheatstone  effected  by  turning  a  handle  round  a  graduated  circle 
which  had  the  same  letters  and  other  characters  in  similar  sequence 
as  in  the  dial  of  the  receiving  apparatus.  The  handle  was  insulated 
from  the  metal  graduated  circle  by  a  non-conductor  of  electricity, 
such  as  ivory  or  wood.  Its  surface  consisted  of  spaces  alternately 
conducting  and  insulating,  that  is  covered  with  ivory.  A  metal 
spring  was  attached  to  the  handle,  which  passed  over  these  spaces 
of  the  graduated  circle  as  it  was  revolved.  If  now  the  sender's 
graduated  circle  was  in  conductive  connection  with  the  free  pole 
of  a  battery  connected  to  earth,  and  the  handle  with  the  line  wire, 
a  current  occurred  in  it  every  time  the  spring  passed  a  metallic 
space,  and  ceased  again  as  it  passed  an  insulated  one.  If  the 
handle  was  moved  forward  from  any  letter  to  any  other,  the 
pointer  of  the  receiver  must  move  forward  to  the  same,  or  in  other 
words,  handle  and  pointer  must  always  point  to  the  same  letter. 
Telegraphing  therefore  simply  consisted  in  the  sender  of  the 
message  placing  the  handle  on  all  the  letters  of  the  message  to 
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be  sent,  one  after  another,  and  the  receiver  reading  off  the  letters 
against  which  the  pointer  stopped  for  a  moment. 

This  very  simple  alphabetical  telegraph  of  Wheatstone  wa» 
variously  altered  and  improved,  already  partly  by  himself,  partly  by 
others.  By  the  introduction  of  clockwork  which  moved  forward  the 
pointer  of  the  receiver,  and  an  arrangement  called  an  escapement 
in  horology,  the  number  of  necessary  currents  to  move  the  pointer 
from  one  letter  to  another,  could  be  reduced  to  a  half,  since  the 
attraction  of  the  armature  as  well  as  its  backward  motion  moved 
the  pointer  one  step  forward.  On  the  other  hand,  the  Wheatstone 
handle  was  quite  obviated,  as  the  making  and  breaking  of  the 
current  could  be  made  by  the  electro-magnet  itself.  In  this 
arrangement  which  will  now  be  further  described,  the  electro* 
magnets  of  the  receiving  apparatus  at  one  or  more  stations,  were 
simultaneously  inserted  in  the  line.  The  apparatus  formed  auto- 
matic electro-magnetic  machines,  the  pointer  of  which  always 
simultaneously  traversed  the  letter  dials.  Each  instrument  was 
provided  with  keys  which  were  inscribed  with  the  corresponding 
letters  of  the  dial.  If  a  key  was  pressed  down,  then  the  pointers 
of  all  the  apparatus  in  circuit  tr&versed  the  dial  of  the  dial  plate 
up  to  the  letter  the  key  of  which  was  pressed  down,  and  remained 
there  as  long  as  the  key  was  kept  down.  The  forwarding  of 
messages  with  this  automatic  pointer  telegraph,  is  effected  by  the 
person  wishing  to  send  a  despatch,  or  speak  as  it  is  usually  called,, 
spelling  out  the  message  with  the  keys  of  his  instrument.  The 
pointers  of  all  the  apparatus  inserted,  all  stand  still  for  a  moment 
at  the  signal  given,  and  thus  make  it  known  to  the  observers. 

The  printing  telegraphs  proper  are  closely  counected  to  the 
alphabetical  telegraph.  Wheatstone  already  connected  a  printing 
arrangement  with  his  still  very  imperfect  alphabetical  telegraph. 
The  constructors  of  later  alphabetical  telegraphs  have  done  this  in 
a  different  way.  It  always  consists  essentially,  in  rotating  instead 
of  the  pointer,  a  disc,  on  the  periphery  of  which  are  the  usual 
printing  types.  By  means  of  mechanism,  the  description  of  which 
must  be  here  omitted,  the  letter  at  which  the  apparatus  stops  for  a 
minute,  is  printed  on  a  paper  strip  which  moves  forward  slightly 
after  the  printing  to  make  room  for  the  next  letter.  The  message 
then  appears  on  the  paper  strip  in  ordinary  type. 

A  farther  improvement  of  Wheatstone's  alphabetical  telegraphy 
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conBists  in  the  introdnction  of  magneto-electric  cnrrents  for  moving 
the  pointer  forward  instead  of  pralvanic  battery  cnrrenta  When 
the  pole  of  an  electro-magnet  is  brought  quickly  near  the  poles  of 
a  strong  steel  magnet,  a  short  electric  current  is  produced  in  the 
windings  of  the  electro-magnet  during  the  approach.  If  the  electro- 
magnet is  removed  again,  a  similar  current  of  opposite  direction  is 
produced.  If  now  with  the  handle  of  the  Wheatstone  dial  telegraph, 
an  electro-magnet  is  brought  into  such  mechanical  connection  that 
by  the  motion  of  the  handle  in  passing  ih)m  one  letter  to  the  next 
its  poles  approach  the  poles  of  a  steel  magnet  and  on  the  next  step 
of  the  handle  recede  again  from  it,  as  many  curi^nts  are  produced 
as  letter  spaces  are  traversed  by  the  handle.  If  these  currents 
instead  of  the  battery  currents  traverse  the  conductor  and  the 
windings  of  the  electro-magnets  of  the  receiving  stations  in  circuit, 
a  means  is  thereby  afforded  of  keeping  the  pointer  of  the  latter  in 
step  with  the  handle,  as  was  the  case  with  battery  currents. 

The  previously  described  alphabetical  and  printing  telegraphs,  all 
effect  the  motion  of  the  receiver  corresponding  with  that  of  the 
sending  apparatus,  through  a  series  of  short  currents,  of  which  each 
separate  one,  or  each  pair  of  opposite  currents  moves  the  pointer  or 
printing  wheel,  one  or  two  steps  forward.  The  Englishman  Bain 
constructed  a  printing  telegraph  on  another  principle.  He  caused 
the  type  discs  to  revolve  by  clockwork,  which  had  a  very  uniform 
motion.  By  an  electric  current  which  traversed  the  telegraph 
wires,  these  clockworks  were  simultaneously  released  and  again 
stopped  by  breaking  the  current.  If  the  clockworks  went  uniformly, 
the  pointers  or  printers  must  always  rest  over  the  same  letter  if  they 
had  similar  positions  before  being  started.  Therefore  in  this 
instance  it  is  not  the  number  of  currents,  but  their  duration 
which  determines  the  position  of  the  pointers  or  printers.  This 
apparatus  has  recently  been  much  improved  by  the  American 
Hughes  and  now  prints  telegraphic  messages  with  extraordinary 
safety  and  speed,  which  appears  to  promise  for  it  a  permanent  use 
along  with  the  Morse  writing  telegraph  system. 

Besides  the  three  telegraph  systems  previously  described  which 
have  principally  come  into  use,  viz.  the  needle,  the  writing, 
the  alphabetical,  and  printing  telegraph,  many  others  have  been 
proposed  and  even  brought  into  use.  Thus  Yorsselmann  de 
Heer  already  in  1889  proposed  a  telegraph  based  upon  the  physio- 
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logical  action  of  the  electric  current.  In  this  the  fingers  of  the 
receiver  were  to  be  inserted  in  the  telegraphic  circuit  by  touching 
metallic  knobs,  which  formed  the  ends  of  the  conductor.  Each 
current  which  traversed  a  line,  then  produced  a  convulsive  move- 
ment of  the  corresponding  finger,  by  which  it  was  known  in 
which  conductor  an  electric  current  was  produced  and  how  long  it 
lasted.  In  place  of  alarms,  the  telegraphist  was  to  have  two 
metallic  plates  on  his  body  in  metallic  connection  with  the  line, 
which  conveyed  to  him  the  sensible  warning  to  lay  his  finger  on 
the  metal  knob  for  the  reception  of  a  message. 

As  already  previously  mentioned,  Steinheil  already  connected 
with  his  telegraph  little  bells  of  different  tones  by  means  of  which 
the  receiver  of  a  message  was  able  to  understand  it  by  sound. 
Such  acoustic  telegraphs  have  been  constructed  subsequently  by 
others,  they  could  not  however  keep  the  field  any  better  than 
the  needle  and  dial  telegraph  in  comparison  with  the  writing  and 
printing  telegraph,  which  made  a  permanent  record  of  the  mes- 
sages. On  the  other  hand,  such  acoustic  telegraphs  which  are  not 
to  give  full  messages  but  a  few  determined  signals,  have  found 
very  general  use.  They  are  made  use  of  as  alarms  to  draw  the 
attention  of  the  telegraphist  to  his  receiving  instrument  as  electric 
bells,  and  especially  in  Germany  to  a  great  extent,  as  signalling 
apparatus  for  railway  employ^  to  warn  them  of  the  departure  of 
a  train  from  the  nearest  station.  With  these  gongs  on  railways, 
the  motion  of  the  heavy  hammer  which  strikes  the  gong  placed  on 
the  railway-porter's  lodge,  is  of  course  not  moved  directly  by  the 
electric  current,  but  by  the  weight  of  a  clockwork,  the  release 
of  which  is  effected  by  the  attraction  of  a  small  magnet  armature 
by  means  of  the  electric  current. 

The  decomposing  or  chemical  action  of  the  electric  current  has 
also  been  used  in  the  construction  of  different  kinds  of  telegraph 
apparatus.  As  is  known,  the  first  form  of  electric  telegraph, 
Sommering's,  was  electro-chemical,  as  the  signals  were  made  visible 
by  the  decomposition  of  water.  But  besides  water  the  electric 
current  also  decomposes  many  metallic  compounds  dissolved  in 
water  whilst  it  deposits  the  metal  from  it.  Thus,  by  means  of  the 
electric  current,  copper,  silver,  gold,  nickel,  and  other  metals  can 
be  laid  on  the  surface  of  other  metals,  or  on  conducting  moulds, 
as  happens  in  galvanic  silvering,  gilding,  and  electro-typing. 
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Amongst  other  bodies  iodide  of  potassium  as  well  as  prussiate  of 
potassium  is  decomposed  by  electricity  very  easily  and  even 
with  very  slight  currents.  If  a  strip  of  paper  is  saturated  with 
a  solution  of  such  a  salt,  and  if  it  is  caused  to  be  drawn  in 
the  damp  condition  under  a  metal  point  by  means  of  clockwork, 
which  presses  it  against  a  metal  piece  under  the  paper  strip,  then 
the  point  leaves  on  the  paper  a  dark  stroke  so  long  as  a  current 
passes  from  the  point  to  the  paper.  Such  an  arrangement  can  also 
be  used  instead  of  the  Morse  telegraph  mechanism  for  fixing  the 
Morse  writing,  according  to  the  proposal  of  the  Englishman  Bain^ 
The  Englishman  Bakewell  based  on  this,  abeady  in  1847,  his 
electro-chemical  copying  telegraph.  This  apparatus  excited  much 
attention,  as  it  was  able  to  reproduce  the  handwriting  of  the 
sender  of  the  message,  and  also  representations  of  pictures.  At 
each  of  the  two  places  which  were  connected  by  means  of  an 
insulated  wire  was  placed  a  metal  cylinder.  On  one  the  message 
is  written  or  the  picture  to  be  telegraphed  is  drawn  with  an  insulat- 
ing lac  ink.  The  cylinder  of  the  other  station  is  covered  with  a 
sheet  of  chemically  prepared  damp  paper.  By  carefully  regulated 
clockwork  both  cylinders  can  be  rotated  on  their  axes  at  exactly 
the  same  speed.  On  the  surface  of  each  cylinder  a  metal  point 
glides,  which  is  connected  with  the  other  through  an  insulated 
conducting  wire.  If  now  the  two  metal  cylinders  are  conductively 
connected  together  by  means  of  a  second  wire  or  the  earth,  and  if 
a  galvanic  battery  is  anywhere  connected  up  in  the  circuit  sa 
arranged,  then  it  would  be  always  traversed  by  a  current,  and  in 
this  way  an  unbroken  line  of  colour  is  produced  on  the  paper  strip 
if  a  short  interruption  of  the  cun'ent  were  not  brought  about  by 
the  layer  of  varnish  each  time  the  point  passes  over  a  strokcr 
These  passages  over  the  stroke  show  themselves  consequently  on 
the  paper  as  white  points  in  the  black  line.  By  a  simple  arrange- 
ment the  points  after  each  revolution  of  the  cylinder  are  shifted  a 
little  sideways.  A  shading  of  dark  lines  is  therefore  formed  on 
the  sheet  of  paper,  in  which  the  letters  or  drawing  are  seen  in  the 
bright  colour  of  the  paper.  In  a  similar  way  the  whole  cylinder 
can  be  covered  with  lac  colour,  and  the  picture  in  the  writing  to 
be  transmitted  can  be  etched  into  the  coating.  The  current  will 
now  only  circulate  when  the  point  touches  an  etched  place,  and 
thus  comes  into  metallic  connection  with  the  cylinder.    The  pic^ 
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tare  on  the  sheet  of  paper  then  appears  aa  black  points  on  a  white 
ground. 

This  copying  telegraph  of  Bakeweirs  has  always  attracted  pablic 
Attention  to  a  wonderful  degree,  owing  to  its  performance  at  first 
sight  appeanng  extraordinary.  It  has  frequently  been  reinvented 
and  much  altered,  without  being  essentially  improved  thereby,  and 
one  might  with  some  propriety  call  it  the  telegraphic  sea  serpent, 
which  sets  the  world  in  motion  from  time  to  time  by  rising  from 
oblivion  only  to  disappear  again  without  leaving  any  trace.  In  fact 
this  system  will  never  attain  a  great  practical  importance,  even  if  the 
mechanical  difficulties  are  fully  overcome.  The  reasons  lie  partly 
in  properties  of  the  conductors  to  be  discussed  later,  which  render 
the  application  of  the  electro-chemical  telegraph  very  difficult,  but 
principally  because  the  copying  of  signs  adapted  for  production  by 
the  hand,  but  not  for  telegraphic  communication,  requires  a  much 
greater  number  of  elementary  telegraph  signs  than  a  SteinheiFs  or 
Morse's  sign,  which  is  specially  designed  for  this  purpose.  By  the 
use  of  such  telegraphic  writing  signs,  which  consist  of  the  simplest 
combinations  of  the  two  elementary  signs  of  the  Morse  alphabet — 
the  dot  and  dash — one  can,  therefore,  send  through  a  conductor,  in 
the  same  time,  a  much  larger  number  of  messages  than  by  copying 
the  usual  handwriting  by  BakewelFs  copying  telegraph,  or  those  of 
his  successors. 

This  theoretical  superiority  of  those  telegraphs  which  employ 
the  simplest  combinations  of  elementary  signs  for  the  formation 
of  telegraphic  signals,  gives  them  a  permanent  superiority  over  the 
alphabetical  and  type  printing  telegraphs.  In  order  to  bring  the 
alphabetical  or  the  type  wheel  from  the  first  to  the  last  letter  of 
the  alphabet  at  least  half  as  many  currents  as  it  contains  letters  are 
requisite,  as  previously  explained,  therefore,  the  production  of  a 
telegraph  signal  requires  with  them  a  greater  average  number  of 
currents  than  with  the  Morse  telegraph.  With  the  latter,  there- 
fore, a  greater  speed  of  transmission  is  possible,  for  the  number  of 
currents  to  be  sent  through  the  conductor  in  a  certain  time  ia 
limited.  Both  Bain's  and  also  Hughes's  printing  telegraph,  founded 
on  the  same  principle,  form  no  exception  to  this,  although  they 
only  require  one  reversal  of  current  for  the  production  of  a 
printed  letter,  and  it  is  all  the  same  as  regards  the  speed  of  trans- 
mission, whether  the  time  for  turning  the  type-wheel  is  taken  up 
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by  a  permanent  cnrrent  or  by  a  series  of  short  currents.  What  is 
decisive  is  only  the  duration  of  the  single  current,  which  is  in  the 
position  to  produce  an  elementary  signal,  and,  therefore,  to  move 
the  printing  wheel  forward  a  step,  and  the  mean  number  or 
the  interval  of  time  corresponding  to  it  of  such  currents  which 
is,  on  the  average,  necessary  for  the  production  of  a  telegraph 
signal.  With  short  telegraph  lines,  where  the  cost  of  laying  and 
maintaining  the  line  does  not,  as  in  long  lines,  greatly  exceed 
the  cost  of  the  work  of  despatching  the  messages,  it  is  less  impor- 
tant to  be  able  to  despatch  as  many  messages  as  possible  in  a  given 
time  through  one  conducting  wire,  than  to  make  the  work  of 
sending  and  receiving  as  small  as  possible. 

Therefore,  in  all  probability,  the  direction  in  which  telegraphy 
will  further  develop  must  be,  for  correspondence  between  distant 
places  and  countries,  the  transmission  of  the  Morse  writing  by 
mechanical  means,  and  for  correspondence  between  places  lying 
near  together,  letter  printing  will  come  into  general  use. 

As  follows  from  the  above  sketch  of  the  gradual  development  of 
the  idea  of  the  electric  telegraph  to  the  instruments  now  used,  it 
was  principally  practical  difficulties  which  were  first  overcome  in 
course  of  time.  The  scientific  man  could  easily  devise  methods 
and  combinations,  which  made  telegraphic  correspondence  possible, 
and  which  also,  when  tested  in  a  room,  proved  excellent.  But  in 
practice  a  new  troublesome  element  entered,  which  upset  his  plans, 
viz. :  the  insulated  conductor  between  the  two  places  to  be  tele- 
graphically connected. 

To  be  able  rightly  to  estimate  the  great  difficulties  which  this 
brought  with  it,  it  must  be  made  clear  what  is  a  good  conductor 
and  to  what  risks  of  all  kinds  it  is  exposed.  The  conducting  wire 
must  not  only  exist  in  unbroken  metallic  continuation  from  one 
end  to  the  other,  it  must  not  at  any  single  place  in  all  this  length 
be  in  good  conductive  connection  with  the  earth.  Such  a  connec- 
tion is  made  through  every  metallic  or  damp  body  which  simul- 
taneously touches  the  wire  and  the  earth,  as  well  as  through  the 
moistened  surface  of  a  non-conducting  body.  If,  therefore,  the 
wire  had  been  separated  by  glass,  porcelain,  or  indiarubber  from 
the  wooden  posts  which  themselves  insulate  tolerably  well  when 
dry,  and  which  keep  it  removed  from  the  ground,  yet  if  at 
any  place  on  the  line  the  rain  wetted  the  surface  of  the  insulator, 
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it  established  a  conductive  connection  with  the  earth  through 
which  the  electricity  could  be  directly  conducted  away  to  the  latter 
instead  of  passing  along  the  great  distance  through  the  apparatus 
of  the  distant  station.  Even  in  dry  weather  the  conducting  leaves 
of  the  trees  endanger  the  insulation  when  driven  against  the  wir^ 
by  the  wind.  Every  thunder  cloud  which  approaches  and  passes 
away  at  any  part  of  the  conductor,  every  disturbance  of  the  mag- 
netic equilibrium  of  the  earth,  as  happens  especially  with  aurorsB 
boreales,  produces  electric  currents  in  the  conductor,  which  disturb 
the  r^ular  action  of  the  apparatus  in  the  same  way  as  its  imper- 
fect and  variable  insulation.  Lightning  striking  the  conductor 
anywhere  often  destroys  wholeMengths  of  it,  and  with  it  the 
apparatus  of  the  neighbouring  stations,  if  they  are  not  protected 
from  its  action  by  good  lightning  dischai^ers.  If  one  considers 
the  numerous  occurrences  of  all  kinds  which  threaten  destruction 
to  wires,  insulators  and  posts,  it  often  appears  wonderful  that  lines 
which  uninterruptedly  encircle  half  the  globe  can  continue  for  a 
long  time  in  undisturbed  use. 

Consideration  and  experience  have  taught  us  bv  degrees  either 
to  remove  these  disturbing  and  destructive  influences  or  to  make 
them  harmless.  With  the  bell  form  of  insulator  a  dry  sur&ce  for 
the  insulator  was  always  attained,  which  assured  the  insulation  of 
the  wire  even  in  rainy  weather.  Thick  iron  wires,  which  were 
used  instead  of  copper  ones,  resist  storm,  frost,  and  destruction  by 
lightning  and  wantonness  better  than  the  previous  copper  ones. 
This  was  also  effected  by  strong  posts,  which  were  used  in  place  of 
the  former  thin  poles.  Finally  it  was  learnt  how  to  construct 
telegittph  apparatus  so  that  they  performed  their  functions  quite 
undisturbed  and  properly  with  great  variations  in  the  strength  of 
the  current. 

The  difficulties  of  overhead  wires  just  described  appeared  not 
nnreasonably  to  the  men,  who  first  conceived  and  applied  the  idea 
of  the  electric  telegraph,  to  be  so  insurmountably  great,  that  they 
held  it  to  be  much  more  easily  practicable  to  provide  the  conduct- 
ing wires  with  an  insulating  covering  and  then  to  lay  them  in  the 
ground.  Sommering  wished  to  cover  his  twenty-seven  wires 
separately  with  silk,  then  to  insulate  them  together  from  the 
ground  with  glass  or  earthenware  pipes.  Gauss  and  Weber,  as 
well  as  Steinheil,  used  overhead  conductors,  yet  they  resisted  dis- 
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torbing  inflaences  of  all  kinds  for  oolj  a  short  time,  and  during' 
their  existence  gave  rise  oontinnally  to  irregularities  in  the 
despatch  of  messages. 

The  Americans  and  English  first  succeeded  in  overcoming  the 
difficulties  of  overhead  conductors  in  some  degree.  On  the 
continent  of  Europe  it  was  first  sought,  on  the  contrary,  to  carry 
out  practically  the  underground  system  of  conductors,  for  there 
was  greater  fear  here  than  in  those  countries  of  wanton  destruc- 
tion of  the  overhead  conductors  visible  and  accessible  to  everyone^ 
Jacob  i,  in  St.  Petersburg,  made  extensive  experiments  with  copper 
wires,  which  were  insulated  from  the  ground  by  winding  them  with 
indiarubber  and  by  glass  tubes  drawn  over  them.  But  it  soon 
became  evident,  that  in  this  way  no  complete  insulation  was  obtained, 
as  the  dampness  of  the  ground  made  its  way  to  the  wire  through  the 
seams  of  the  indiarubber  and  the  joints  of  the  glass  tubes  and 
frequently  destroyed  it.  In  Prussia  a  beginning  was  made  with 
overhead  hues,  but  there  was  a  fear  of  following  it  up  owing  ta 
disturbances  frequently  occurring.  After  Jacobi*s  method  had 
been  tried  and  proved  to  be  unsuitable,  the  production  of  safe 
underground  lines  was  tried  in  another  very  promising  way.  In 
1846  a  new  material,  guttapercha,  became  known,  which  had  many 
properties,  besides  the  extraordinary  insulating  property,  in  common 
with  indiarubber,  but  differed  essentially  from  it  in  forming  a 
plastic  dough  when  warmed.  The  difficulty  of  forming  this  dough 
into  a  tube  closely  surrounding  the  wire  without  a  seam  was  over-' 
come  by  a  peculiar  machine,  which  laid  the  soft  guttapercha  under 
strong  pressure  continuously  around  the  wires  passing  through  the 
jiachine.  The  conductors  thus  prepared  were  in  fact  thoroughly 
insulated,  and  worked  with  perfect  security  on  the  extensive  lines- 
which  were  laid  in  so  great  a  hurry  in  North  Germany  during  the 
following  years.  The  difficulties  of  finding  faulty  places,  and 
numerous  others,  were  fortunately  equally  overcome ;  it  soon  how- 
ever became  apparent  that  the  conductors  which  were  laid  in  the 
ground  without  any  other  covering  were  not  durable.  The  gutta- 
percha was  gnawed  by  rats  and  mice  and  was  altered  so  essentially 
by  the  oxygen  of  the  air,  which  passed  through  the  loose  ground 
to  the  wires,  that  they  lost  their  coherence  and  their  insulating 
capacity  after  only  a  few  years. 

After  this  unfavourable  experience  a  return  was  made,  wherever 
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they  Goold  be  used,  to  overhead  lines,  which  in  the  meantime  had 
been  materiallj  improved.  Almost  all  European  countries  are 
now  covered  with  a  network  of  iron  wires  by  means  of  which  the 
electric  messenger  forwards  the  thoughts  and  news  of  mankind 
with  wonderful  speed  from  place  to  place  from  the  Atlantic  to  the 
Indian  and  Pacific  oceans.  The  ever  increasing  telegraphic  inter- 
course naturally  makes  an  ever  increasing  number  of  wires  neces- 
sary, which,  in  many  countries,  can  only  with  difficulty  be  fixed  at 
the  distance  apart  from  one  another  necessary  for  secure  insulation 
on  the  posts  which  already  run  along  all  railways  and  many  streets. 
This  difficulty,  and  the  experience  that  with  the  number  of  wires 
the  safety  of  each  is  reduced,  will  probably,  in  time  lead  to  a 
return  to  the  forsaken  underground  system.  A  better  founded 
experience  for  this  has  now  been  gained  through  the  development 
of  submarine  telegraphy.  Attempts  to  bridge  telegraphically 
broad  rivers  and  small  arms  of  the  sea  by  sunken  insulated  wires 
had  already  frequently  been  made  before  the  Prussian  experiments, 
bnt  always  with  unfavourable  results.  Guttapercha  pressed  on  to 
the  wires  first  gave  a  means  of  safe  insulation,  and  made  sub- 
marine conductors  possible.  The  first  of  these  conductors  under 
water  were  laid  in  this  way  in  the  spring  of  1848,  in  the  harbour 
of  Kiel,  for  the  explosion  of  submarine  mines,  which  had  been  laid 
against  the  Danish  men-of-war,  and  another  passing  under  the 
Bhine,  at  Cologne.  Soon  aftei-wards  the  English  took  posses- 
sion of  this  method  for  the  production  of  longer  submarine  cables. 
The  wires  pressed  round  with  guttapercha  were  first  closely  bound 
round  with  tarred  hemp,  and  then  with  iron  wires,  whereby  they 
obtained  a  great  strength  and  were  protected  from  external  injury. 
Such  an  electric  wire  rope  or  cable  is  laid  in  the  hold  of  the 
steamer  arranged  for  laying  it  just  as  ropes  are  coiled.  When  the 
ship  has  arrived  at  the  point  of  the  coast  from  which  the  laying  is 
to  commence,  a  so-called  shore  cable,  surrounded  with  very  thick 
in)n  wire  is  first  laid  through  the  surf  into  deep  water,  which 
resists  destruction  better  than  the  thin  cable  destined  for  deep 
water,  where  the  danger  is  much  less.  As  soon  as  the  end  of  the 
shore  cable  is  securely  connected  with  that  end  of  the  cable  which 
was  last  coiled  on  board  the  ship,  the  latter  commences  its  voyage 
to  the  other  shore.  As  soon  as  it  has  again  successfully  arrived  m 
shallow  water,  the  end  of  the  deep  sea  cable  is  connected  with 


230  THE   SCIENTIFIC  PAPERS,   ETC,    OF 

HdA  shore  cable  already  laid  in  advanoe,  by  which   means  the 
tel^raphic  connection  is  completed. 

nils  operation,  which  appears  so  simple  is,  however,  a  very 
difScult  and  dangerous  undertaking,  especially  when  the  depth  of 
water  is  great.  Whilst  the  ship  by  the  power  of  its  engines 
hastens  to  its  destination,  the  cable  is  passed  into  the  water  over  a 
roller  placed  uear  the  stem,  and  sinks  slowly  to  the  sea  bottom 
behind  the  ship  in  consequence  of  its  weight.  If  the  cable  were 
not  held  back  on  the  ship  by  some  force  opposing  this  weight,  it 
would  glide  down  into  the  depths  at  a  great  velocity  along  the 
steep  incline  formed  by  the  water.  To  prevent  this  it  must  be 
held  back  by  a  brake  arrangement  with  a  force  as  nearly  as 
possible  equal  to  the  weight  of  a  piece  of  cable  hanging  verti- 
cally from  the  ship  to  the  sea  bottom.  With  great  sea  depths, 
which  often  exceed  half  a  geographical  mile,  the  force  is  so  con- 
siderable that  there  is  great  danger  of  rupturing  the  cable  with  the 
least  disturbance.  If  the  paying-out  machine  is  unserviceable 
only  for  a  moment,  or  if  the  cable  from  other  causes,  through 
entanglement,  or  in  consequence  of  the  frequently  occurring 
rupture  of  an  armouring  wire,  is  held  fixed  on  the  way  from  the 
ship  to  the  sea  it  is  usually  lost  in  deep  water.  But  even  without 
rupture  the  cable  may  become  unserviceable  if  the  insulating 
covering  of  the  cable  has  or  receives  the  slightest  injury,  by  which 
the  water  obtains  access  to  the  conducting  wire.  One  may  be 
assured,  by  the  most  careful  examination  during  and  after  the 
manufacture,  that  the  insulating  covering  is  free  from  faults,  but 
the  powerful  tension  to  which  the  cable  is  submitted  during 
laying  now  and  again  brings  faults  of  insulation  to  light  which 
could  not  be  previously  noticed.  The  cable  must,  therefore,  be 
subjected  to  continuous  electrical  testing  during  the  laying.  If  a 
fault  in  insulation  shows  itself,  the  laying  must  be  instantly 
stopped,  and  the  last  laid  portion  of  cable  be  again  drawn  back 
into  the  ship.  From  the  electrical  measurements  carried  out,  the 
position  of  the  fault  must  then  be  determined,  and  the  repair 
afterwards  carried  out.  If  the  cable  breaks  during  this  operation 
the  previously  laid  portion  is  certainly  losty  but  the  portion  stiU  on 
board  ship  is  saved. 

The  limited  space  and  the  scope  of  this  pamphlet  will  not  per- 
mit of  a  more  precise  description  of  the  arrangements  and  methods 
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of  testing,  bj  means  of  which  the  great  unoertainty  of  the  pre- 
paration and  laying  of  submarine  cables  have  been  so  far 
removed  by  degrees,  that  in  the  course  of  this  year  even  the  great 
outstanding  problem  of  telegraphy,  the  laying  of  a  direct  tel^raph 
cable  between  Europe  and  America,  has  fortunately  been  solved. 

This  telegraphic  connection  of  the  west  coast  of  Ireland  with 
the  coast  of  Newfoundland  is  not  only  remarkable  on  account  of 
the  faultless  preparation  and  laying  of  the  cable  about  300  German 
miles  in  length,  but  also  on  account  of  the  quite  unexpected  speed 
and  safety  with  which  the  forwarding  of  messages  is  carried  on 
through  it. 

Already  in  the  year  1848  a  peculiar  property  of  the  under- 
ground conductors  from  Berlin  was  recognized.  This  is,  that  the 
electric  current  does  not,  as  in  overhead  lines,  appear  simul- 
taneously along  its  whole  length  and  at  the  same  moment  in  which 
the  line  is  connected  with  the  free  pole  of  an  electric  battery,  but 
that  the  current  begins  somewhat  later  at  the  further  end  of  the 
line  than  at  the  battery  end.  The  cause  of  this  is,  that  the  wire  with 
the  damp  earth  surrounding  its  insulating  coating  forms  a  Leyden 
jar  in  which  the  electricity  accumulates.  The  electricity  passing 
from  the  galvanic  battery  into  the  underground  or  submarine  cable 
must,  therefore,  first  be  employed  to  fill  with  electricity  or  charge 
the  great  Leyden  jar  which  it  forms,  and  only  after  this  is  effected 
can  the  current  commence  at  the  distant  end  of  the  line.  If  the 
connection  of  the  wire  with  the  galvanic  battery  is  interrupted, 
then  the  cause  of  the  chaise  ceases,  and  the  static  electricity 
collected  on  the  surface  of  the  wire  flows  through  the  distant 
end  of  the  line  to  earth,  by  which  the  jar  is  again  discharged. 
The  current,  therefore,  not  only  begins  later  at  the  further  end  of 
the  line  but  also  ceases  later.  This  phenomenon  can  be  almost 
represented  by  the  pumping  of  air  through  a  long  narrow  tube 
with  elastic  walls.  Near  the  pump,  the  tube  at  each  stroke  of  the 
pump  would  be  extended  by  th^  elastic  pressure  of  the  air  driven 
in.  This  extension  would  advance  to  the  other  open  end  of  the 
tube  in  a  diminishing  measure,  and  the  outflow  of  air  from  it 
would  only  commence  with  full  force,  when  the  tube  had  assumed 
a  conical  form.  When  the  pump-stroke  was  completed  the  tube 
would  return  to  its  normal  diameter,  and  the  superfluous  air  go 
out  from  the  distant  end.    Should  a  second  piston  stroke  begin 
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before  this  flow  is  complefced,  the  air  would  not  come  ont  at  the 
distant  end  in  puffs,  but  the  current  would  hardly  cease,  and  air 
would  always  flow  out,  although  with  varying  velocity. 

The  behaviour  of  electricity  in  underground  lines  and  sub- 
marine cables  is  similar.  If  the  electric  currents  by  which  a 
message  is  to  be  sent  follow  each  other  too  quickly,  an  unbroken 
current  will  appear  at  the  other  end,  which  certainly  exhibits 
slight  variations  in  its  strength,  but  the  duration  of  the  individual 
carrents  sent  cannot  be  clearly  distinguished,  to  say  nothing  of 
being  made  continuously  visible  mechanically.  One  must;  there* 
fore,  speak  much  more  slowly  on  submarine  than  overhead  lines  to 
obtain  clear  signals.  By  the  use  of  alternate  carrents,  that  is  to 
say  alternately  positive  and  negative  currents,  these  disturbing 
influences  have  indeed  been  considerably  diminished,  and  speech 
through  long  submarine  lines  made  safer  and  more  rapid,  but  to 
remove  them  completely  will  never  be  possible.  On  the  Atlantic 
cable  receiving  instruments  are  now  used,  which,  in  principle, 
entirely  agree  with  those  which  Gauss  and  Weber  employed.  These 
are  mirror  galvanometers,  V.6.,  magnetic  needles  to  which  small 
mirrors  are  fixed.  The  observer  sees  in  this  mirror  the  image  of  a 
small  flame,  such  as  Dubois  Reymond  first  used  in  his  lectures  for 
making  visible  slight  nerve  and  muscle  currentB.  From  the 
jerking  backwards  and  forwards  of  the  image  in  the  mirror, 
which  is  effected  by  the  very  weak  currents  sent  into  the  line,  the 
observer  must  discover  the  sense  of  the  message. 

With  overhead  lines  the  charging  phenomena  which  render  so 
difficult  the  use  of  long  submarine  and  underground  lines  are,  as 
already  said,  hardly  noticeable.  But  even  then  an  overhead  line 
can  be  considered  as  a  Leyden  jar,  of  which  the  wire  and  earth 
are  the  coatings,  and  the  air  between  the  wire  and  earth  the 
insulating  glass  wall.  Overhead  wires  must,  consequently,  be 
charged  with  electricity  before  the  current  can  begin  at  the 
further  end.  The  loss  of  time  thus  necessitated  is,  however,  so 
small  on  account  of  the  small  capacity  of  this  wire  jar,  that  it 
does  not  come  into  consideration  in  telegraphing  by  hand.  On 
the  other  hand  it  soon  becomes  evident  with  mechanical  telegraphy, 
in  which  one  approaches  the  limit  of  the  conductibility  of  the 
conducting  wire.  The  longer  and  thinner  this  is,  the  smaller  is 
the  number  of  telegraph  signals  that  can  be  despatched  through 
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iu  in  the  same  time.  On  this  account  also  it  is  not  practicable  to 
use  too  long  circuits,  and  it  is  more  advantageous  to  insert  trans- 
J  a  ting  stations  if  the  messages  have  to  traverse  considerable 
^listances. 

The  question  of  the  greatest  speed  with  which  a  wire  can  forward 
messages  cannot  be  altogether  answered  from  the  above,  since  this 
depends  on  the  time  the  electric  current  requires  to  get  to  the  other 
end  of  the  line,  or  as  it  is  improperly  expressed,  on  the  velocity  of 
the  electricity  in  the  wires,  and  since  this  velocity  is  dependent  on 
the  length  and  section  of  the  wire  and  its  distance  from  other  con- 
ductors as  well  as  on  the  greater  or  less  conductivity  of  the  metal 
of  which  it  is  formed.  By  calculation  it  has  been  found  that  the 
actnal  velocity  of  electricity  is  greater  than  that  of  light,  there- 
fore, over  40,000  German  miles  a  second.  But  as  no  wire  can  be 
stretched,  which  has  no  inductive  action,  the  propagation  of  the 
electric  action  in  all  telegraphic  conductors  is  much  less,  especially 
in  submarine  wires,  in  which  the  inductive  action  is  particularly 
large.  Beliable  experiments  on  its  actual  magnitude  do  not  yet 
exist. 

As  may  be  seen,  science  and  practice  have  yet  a  wide  field  of 
labour  before  them,  so  to  build  up  telegraphy  theoretically  and 
practically,  that  it  may  permanently  satisfy  the  daily  increasing 
demands  which  social  life  makes  on  it. 


NEW    REGULATOR    FOR    SIEMENS    AND     HALSKFS 

MORSE  INKER.* 

With  the  usual  old  Morse  inkers,  the  clockwork  of  which  is  set 
in  motion  by  a  weight,  the  necessary  uniform  motion  of  the  paper 
strip  passing  out  is  effected,  as  is  known,  in  a  very  simple  manner 
by  a  fly  constantly  fixed  to  the  most  quickly  revolving  axle  of  the 
clockwork.  For  apparatus,  the  clockwork  of  which  is  set  in 
motion  by  a  spirally  wound  spring,  in  which,  therefore,  the  driving 
force  is  not  constant,  but  alters  according  as  the  spring  is  fully 

*  Journal  of  the  Deutsch.  oesterr.  Tulegraphen  Verein,  VoL  13,  p.  27. 
1866. 
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wound  up,  or  already  more  run  down.  Messrs.  Siemens  and 
Halske  have  already  previously  constructed  a  movable  fly,  which 
is  described  and  illustrated  in  Yol.  IX.  of  this  journal.* 

In  both  cases,  however,  only  a  previously  determined  mean  velo- 
city of  the  paper  band  was  maintained  nearly  uniform,  dependent 
on  the  conditions  of  the  construction,  the  dimensions  of  the  vanes, 
and  the  amount  of  the  moving  force;  considerably  quicker  or 
slower  delivery  of  the  paper  could  only  be  obtained  somehow 
by  an  alteration  of  the  moving  power,  by  a  change  in  the  size  of 
the  vanes,  &c.  For  the  usual  Morse  apparatus,  which  have  to 
receive  signals  sent  by  the  telegraphist  of  the  other  station  by 
hand  with  the  key,  there  appeared  in  the  meantime  no  pressing 
necessity  to  be  able  to  change  at  will  the  speed  of  the  paper  being 
delivered,  if  with  one  apparatus  the  speed  with  which  the  paper 
runs  out  is  somewhat  greater  than  with  another,  or  if  one  employe 
telegraphs  somewhat  more  slowly  than  another,  nothing  else  happens 
than  that  the  writing  at  one  time  comes  out  somewhat  more 
widely  apart,  at  another  somewhat  more  closely  together,  without 
becoming  illegible. 

But  the  conditions  are  different  for  Morse  inkers,  which  are 
designed  to  receive  the  writing  of  Siemens  and  Halske's  quick 
type  writers.  Here  the  speed  with  which  the  type  carrier  glides 
under  the  contact  lever  can  fluctuate  between  much  wider  limits, 
and  the  speed  of  the  running-out  paper  at  the  receiving  apparatus 
of  the  other  station  must  at  least  in  some  measure  be  adjusted  to 
the  actual  speed  for  the  writing  to  be  legible  ;  it  must,  however, 
always  be  much  greater  than  with  the  usual  apparatus.  Besides 
it  always  happens  with  the  lines  supplied  with  these  apparatus, 
that  partly  through  the  arrangement  of  the  correspondence, 
partly  through  the  occurrence  of  some  irregularities  or  disturbances, 
remarks  relating  to  the  business  must  be  telegraphed  by  key. 
For  this  correspondence  the  speed  with  which  the  paper  band  of 
the  quick  Morse  writer  passes  out  is  much  too  great ;  an  ordinary 
Morse  instrument  must,  therefore,  be  set  up  near  the  latter,  which 
can  be  inserted  in  the  line  as  required  in  place  of  the  other,  or  all 
such  service  remarks  must  be  telegraphed  by  another  line,  which, 
however,  is  very  disturbing  for  the  business  of  the  second  line. 

For  such   quick  writing    Morse    instruments,  therefore,   the 

•  P.  1S8,  awU, 
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problem  aroee  bo  to  constract  the  Bpecd-reguktor  that  not  only 
the  speed  at  which  the  paper  baud  runs  out  shall  be  aniform — and 
particniarly  in  a  much  higher  degree  than  is  ueceeaary  with  the 
nsaal  Uorae  apparatne,  but  also  that  this  speed  can  be  altered 
within  wide  limits  by  an  easily  and  quickly  set  mechanism. 
This  problem  has  been  solved  by  Messrs.  Siemens  and  Halske  by  the 
arrangement  shown  in  Ftg.  109,  in  top,  and  in  109B  in  side  view. 
The  idea  of  the  wind  vanes  is  quite  abandoned  in  this  ;  their 
place  has  been  taken  by  two  balls,  fixed  by  means  of  thin  elastic 
rods  to  a  quickly  revolving  axle,  which  under  the  infinence  of 

Fig.  109. 


rotation,  in  conaeqnence  of  centrifugal  force,  fly  away  from  one 
another,  and  press  with  more  or  less  friction  (dependent  on  the  velo- 
city) against  the  inner  side  of  a  fixed  cylindrical  case  surrounding 
them,  w  is  the  last,  quickest  revolving  axle  of  the  clockwork, 
the  toothed  wheel  Y  fixed  to  it  gears  into  an  endless  screw  8, 
sitnated  at  the  upper  end  of  the  vertical  governor  spindle  AA,  and 
sets  the  spindle  in  rapid  revolution.  Below  the  worm  of  the  screw, 
the  little  block  \)  is  screwed  on  to  the  axle  of  the  spindle,  to  which 
two  elastic  blades  are  fastened,  carrying  the  balls  GG.  On  the 
outer  sides  of  the  balls  are  the  springs  //;  when  the  balls  fly  out 
these  tonch  on  the  cylindrical  inner  side  of  the  flat  open  box  UM, 
which  is  firmly  fixed  to  the  metal  piece  E,  which  also  carries  the 
under  bearing  of  the  regulator  spindle.  The  bottom  of  the  box 
is  provided  with  a  central  circular  bole  of  such  width,  that  not 
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only  the  spindle  itself  but  abo  the  friction  disc  p  fixed  to  its  nnder 
side,  can  freely  pass  through.    The  bearing  of  the  lever  PP, 

Fig.  109. 
B. 


turning  around  the  pin  q — the  shape  of  which  is  clearly  seen  in 
the  dotted  portion  P^P^ — against  this  friction  disc  effects  in  the 
ordinary  way  the  stoppage  of  the  clockwork  and  the  paper  strip. 
By  means  of  the  construction  described  above  the  object  in 
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view  woald  not  be  attained.  In  order  to  be  able  to  alter  at 
pleasare  the  resnlting  oniform  speed  of  running,  there  mnst  be  a 
means  of  altering  the  friction  of  the  springs  //,  in  the  box  MM, 
also  independently  of  the  speed  of  rotation.  The  piece  G  effects 
this,  which  is  held  by  the  fork  D,  and  can  be  adjusted  in  position  by 
it.  This  is  a  small  metal  drum  bored  centrally  in  the  axis,  and 
to  avoid  any  shaking,  lengthened  by  a  split  bush,  which  is  loosely 
borne  on  the  cylindrical  portion  of  the  regulator  spindle  AA,  and 
can  be  easUy  pushed  along  it.  This  is  drilled  through  parallel  ta 
the  axis  at  two  diametrically  opposite  places,  with  two  openings  of 
rectangular  section  through  which  the  blades  hh  pass  ;  in  the  edge 
of  the  drum  a  broad  and  deep  channel  is  turned.  In  this  channel,^ 
at  two  diametrically  opposite  places,  the  friction  rollers  dd  gear  in 
the  prongs  of  the  fork  D  ;  they,  therefore,  maintain  the  drum  C 
at  a  certain  height,  without  opposing  its  rotation. 

The  fork  D  is  for  its  part  fixed  on  the  slide  E,  movable  in  a 
guide  in  a  vertical  direction  by  means  of  the  knob  F,  and  it  can, 
therefore,  be  raised  or  lowered  at  will  by  means  of  the  knob  F. 
With  such  an  alteration  of  the  position  of  D  the  roller  C  follows,, 
and  as  the  blades  h  carrying  the  balls  can  only  separate  from  one 
another  below  this  roller,  the  length  of  the  parts  of  the  blades  h 
coming  into  action  can  be  altered  by  moving  D,  and  thereby  also 
the  amount  of  iriction  of  the  springs/  on  the  inner  metal  surface 
of  M.  If  D  is  raised  quite  up,  the  balls  fly  wide  apart,  press  the 
springs //with  great  force  against  the  brake  M,  and  the  motion  i& 
reduced  so  powerfully  that  the  paper  does  not  pass  out  more 
quickly  than  with  the  usual  Morse,  and  that  one  can  without 
difficulty  receive  the  writing  sent  by  hand.  If,  on  the  contrary, 
D  is  pushed  quite  down,  the  length  of  the  blades  h  is  shortened, 
so  that  the  springs  hardly  at  all  touch  the  surface  M,  the  retarda- 
tion of  the  motion  is  exceedingly  small,  and  the  paper  runs  off 
vrith  a  speed  as  great  as  is  necessary  only  for  the  quick  writer.  For 
the  intermediate  positions  of  D  any  desired  velocity  for  running 
off  the  paper  can  be  obtained  between  these  limits. 
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THE  PNEUMATIC  DISPATCH  OP  MESSAGES  BETWEEN 
THE  CENTEAL  TELEGRAPH  OTATION  IN  BERLIN 
AND  THE  EXCHANGE  BUILDINGS  THERE.* 

Preface. — At  the  desire  of  the  head  telegraph  anthoiitiea 
MesBTB.  Siemens  and  Halske,  in  the  year  1865,  branght  forwaid  a 
detailed  plan  of  a  pneumatic  connection  between  the  Exchange 
bnildings  and  the  Central  Telegraph  station  in  Berlin,  which  was 
accepted,  and  entmsted  to  the  firm  for  execution.  The  scheme 
began  with  a  complete  explanation  of  the  theoretical  bases  of  the 
arrangement,  supported  by  experiments,  which  were  made  for  this 
purpose.  This  theoretical  portion  is  already  published  at  p.  207 
of  the  first  volume  of  this  collection,  under  the  title  **  On  the  law 
of  the  motion  of  gasies  in  tubes.'*  The  following  is  the  technical 
description  of  the  installation  given  in  the  oflScial  telegraph 
journal,  by  the  editor,  Dr.  Brix,  in  the  form  in  which  it  was 
carried  out  by  Messrs.  Siemens  and  Halske. 

Between  the  new  telegraph  buildings  in  Franzosische  Street  and 
the  Exchange  buildings  in  Burg  Street  there  are  laid  dose  together 
two  lines  of  drawn  wrought  iron  tubes  0  and  p  (Fig.  110)  of 
2\  inches  internal  diameter,  from  2  to  3  feet  below  the  pavement. 
In  the  Exchange  buildings  they  are  connected  at  a  few  feet  from 
their  ends  by  means  of  a  connecting  tube  /,  whilst  the  ends  them- 
selves are  closed  by  means  of  stop-cocks  or  valves. 

In  the  telecraph  buildings  the  pipe-line  0  communicates  with 
a  reservoir  C  of  compressed  air  through  a  tube  m^  branching  ofiF 
about  5  feet  from  its  end,  and  capable  of  being  closed  by  the 
cock  X  ;  the  pipe-line  j9,  on  the  contrary,  communicates  through 
the  tube  n,  branching  off  about  1  foot  from  its  end,  and  pro- 
vided with  a  cock  Z,  with  another  reservoir  Y,  out  of  which  the  air 
has  been  pumped.  The  ends  of  the  tubes  are  also  closed  here ; 
the  end  of  the  pipe-line  0  by  the  cocks  I  and  h  ;  the  end  of  the 
pipe-line  p  by  the  flap  valve  gy  which  latter  has  subsequently  been 
replaced  by  a  cock.  Between  the  two  reservoirs  Y  and  C  is  the 
air  pump  (cylinder  blower)  which  draws  the  air  from  the  reservoir 

*  Journal  of  the  Deutsch.  oeaterr.  Telegrapben  Terein,  Vol.  IS,  p.  90. 
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V  aod  forces  it  into  the  reservoir  G.  For  driTiog  this  pnmp  ft 
steam  eDgine  of  10  to  12  horse-power,  with  horizontal  cylinders, 
has  been  pat  down  in  the  vanlts  of  the  telegraph  station,  the 
steam  piston  rod  of  which  is  extended  and  carries  directly  the  air 
pnmp  plunger.  If  the  air  pomp  plonger  moves  in  the  direction 
of  die  arrows  the  valves  1  aad  4  rise  ;  the  air  is  compressed  by 
the  plonger  towards  d,  driven  throngh  the  open  valve  i  into  the 

Kg,  110. 


chamber  K,  and  from  this  through  the  connecting  tnbe  0  into  the 
reservoir  G,  whilst  into  thevacaom  behind  the  plunger  air  streams 
ont  from  the  reservoir  Y  through  the  valve  1.  On  the  return  of 
the  plunger  the  valves  1  and  i  close,  whilst  on  the  contrary  the 
valves  2  and  3  open  ;  the  air  in  the  pump  barrel  in  front  of  the 
plonger  is,  therefore,  driven  by  the  valve  3  again  into  the  reservoir 
C,  whilst  the  pomp  now  exhausts  from  the  reservoir  V,  throngh 
the  valve  2. 

Therefore,  both  on  the  forward  as  well  as  the  back  stroke  of  the 
plonger  the  air  in  the  reservoir  Y  is  rarefied,  and  compressed  in 
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the  reservoir  C.  Both  reservoirs,  however,  commanicate  through 
the  pipe-lines  0  and  p  and  the  connecting  tube  t ;  the  air  from 
y  compressed  into  the  reservoir  C  will,  therefore,  always  stream 
back  again  in  this  way  into  the  reservoir  Y,  and  it  consequently 
follows,  that  when  the  pump  works  a  continual  current  of  air 
passes  from  G  through  the  tube  0  to  the  Exchange,  here  through 
the  connecting  tube  i  to  the  tube  j?,  and  through  this  back  again 
to  tlie  reservoir  V. 

If  a  message-carrier,  i.^.,  a  cylindrical  box  provided  with 
wheels  arranged  to  receive  the  rolled  up  copy  of  the  messages, 
which  will  be  described  more  closely  later  on,  fitting  into  the 
tube  like  a  plunger,  is  brought  into  any  part  of  the  tube  system,  it 
is  caught  by  the  current  of  air  and  carried  away  with  it  to  the 
end  of  the  respective  circuit.  In  this  way  the  messHge-carrier 
can  be  forwarded  through  the  tube  0  irom  the  telegraph  station  to 
the  Exchange,  and  through  the  tube  p  from  the  Exchange  to  the 
telegraph  station. 

In  order  to  control  the  compression  of  the  air  in  the  reservoir 
C,  and  its  rarefaction  in  V,  both  reservoirs  are  supplied  with 
suitably  constructed  manometers.  Besides  G  is  fitted  with  a  safety 
valve  rr  of  2  inches  diameter,  opening  outwards,  and  with  one 
opening  inwards,  by  the  loading  of  which  the  pressure  of  the  air 
in  the  reservoir  is  kept  within  certain  limits,  and  the  velocity  of 
the  carrier  can  thus  be  regulated.  If  the  load  on  this  valve  is 
once  tested  for  a  desired  velocity  of  the  carrier,  this  load  should 
not  be  arbitrarily  altered,  as  thereby  naturally  an  altered  velocity  of 
the  carrier  would  ensue. 

In  the  telegraph  station. the  end  A  of  the  pipe-line  0,  reaching 
beyond  the  branching-off  point  of  the  connecting  tube  m,  serves 
for  introducing  the  message-carriers.  This  piece  of  tube,  as 
already  mentioned,  is  provided  with  two  cocks  I  and  A,  the  bore  of 
which  exactly  agrees  with  the  bore  of  the  tube,  so  that  when 
opened  they  pass  the  message-carriers,  and  their  distance  from  one 
another  is  somewhat  greater  than  the  length  of  the  message-carrier, 
so  that  there  is  sufficient  room  for  one  between  them  in  the  tube ; 
as  a  rule  these  cocks  are  closed.  The  outer  end  of  the  tube  beyond 
A  to  A  is  split  longitudinally  and  bent  up  to  a  trough  opening 
above.  In  this  trough  the  message-carrier  to  be  sent  off  is  placed, 
and  aa  the  tubes  from  A  have  some  fall  to  the  circuit  0  lying  in 
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the  ground,  it  rolls  downwards  in  front  of  the  still  closed  cock  h. 
This  cock  is  now  opened  :  the  message-carrier  rolls  through  and 
up  to  the  cock  /,  and  when  finally  the  cock  h  is  again  closed  and 
the  cock  I  opened,  the  carrier  also  passes  through  this  cock  and 
rolls  into  the  undei^ound  tube  0^  and  as  soon  as  it  has  thereby 
passed  the  position  of  the  mouth  of  the  tube  m  it  is  caught  by  the 
current  of  air,  and  carried  through  the  tube  to  the  Exchange 
station.  Arrived  here,  it  does  not  enter  into  the  narrow  connect- 
ing tube  ty  but  takes  its  way  in  a  direct  line  through  the  extension 
of  the  tube  0,  at  the  end  of  it,  in  consequence  of  the  velocity 
acquired  strikes  the  flaps  of  the  valve  g  and  passes  into  the  tube 
a,  in  front  of  the  catcher  F,  from  which  it  can  finally  be  taken 
out.  The  sending  of  messages  from  the  Exchange  to  the  telegraph 
station  takes  place  in  a  similar  way  through  the  other  tube  circuit 
p^  which  for  this  purpose  has  at  the  end  in  the  Exchange  station 
the  cocks  ^  and  Aj,  as  well  as  the  open  trough  A,,  in  the  station  in 
the  telegraph  building,  on  the  other  hand,  the  stop  valve  g,  together 
with  the  catcher  F. 

The  catcher  F  consisted,  in  its  original  construction,  which  has 
since  been  abandoned,  of  a  tube  about  2  feet  in  length,  closed  at 
one  end,  and  somewhat  wider  than  the  tube  0.    Forming  a  con- 
tinuation of  the  end  of  the  tube  it  presented  its  open  end  to  the 
valve  g  and  its  back  end  was  filled  to  the  bottom  with  an  india- 
rubber  buffer  ;  this  turned  on  two  arms  around  the  vertical  axis  i, 
but  was  pressed  with  its  open  end  against  y,  by  a  spiral  spring 
coiled    over   this   axis.      The   impulse  of    the    message-carrier 
passing  through  the  opened  valve  g  into  the  tube  a  causes  this 
tube  to  turn  round  the  axis  1,  and  thus  strains  the  spiral  springs^ 
until  its  resistance  balances  the  momentum  of  the  carrier.    A 
detent  arrangement  prevents  the  back  movement  of  the  catcher ; 
only  when  the  carrier  has  been  taken  out  the  catch  is  released 
by  a  lever,  whereupon  the  catcher  again  resumes  its  old  position^ 
opposite  the  end  of  the  tube. 

A  double  flap-valve  g  was,  in  &ct,  indispensable  only  at  the  end 
of  the  circuit  p  in  the  station  of  the  telegraph  building,  and  it 
was  kept  closed  here  by  the  surplus  external  atmospheric  pressure, 
and  after  the  passage  of  the  message-carrier  again  closed.  At  the 
Exchange  station  such  a  valve  was  certainly  not  necessary,  as  here 
— in  the  middle  of  the  tube  circuit — the  pressure  of  the  air  in  the 

VOL.    II.  B 


242  THE   SCIENTIFIC   PAPERS,    ETC.,    OF 

tabe  is  tbe  same  as  outeide,  bo  that  it  does  no  harm  if  the  tnbe 
here  commaaicateB  with  the  outer  air.  For  the  sake  of  safety 
snch  a  valve  was  also  fitted  here,  the  flaps  of  which  had,  however, 
to  be  pressed  by  spriDgs  against  the  valve  seat. 

The  coDBtruction  of  the  catcher  gave  most  of  the  trouble 
after  the  installation  had  been  first  set  to  work.  The  velocity 
with  which  the  message-carrier  arrived  at  the  end  station  was 
flo  great,  even  with  the  slowest  motion  of  the  steam  engine. 
that  by  its  concussion  accidents  happened  frequently,  now  with 
the  carrier,  now  with  the  catcher,  and  especially  with  the  spring ; 

Fig.  111. 


but  if  the  velocity  of  delivery  was  further  reduced  it  frequently 
happened  that  the  message-carrier  coming  from  the  Ezchan<;e 
on  its  arrival  at  the  telegraph  building  vras  incapable  of  moving 
the  valve  g  powerfully  enough,  and  was  then  caught  and  fixed 
by  its  clasps  shutting  quickly.  To  this  part  of  the  arrangement, 
after  many  alterations  of  the  original  idea,  the  form  has  finally 
been  given  which  is  shown  in  Fig.  111. 

In  Fig.  Ill  the  present  arrangement  of  the  station  in  the  vaults 
of  the  telegraph  station  is  shown  in  l-24th  of  its  actual  size. 
The  steam  engine  together  with  the  atr-pump  and  the  reservoirs 
V  and  C  are  placed  in  a  neighbouring  subterranean  chamber. 
The  connecting  pipes  of  these  reservoirs  with  the  tube  circuit  are 
led  under  the  floor  down  to  the  supports  m,  and  n,  and  rise  from 
here  to  the  respective  tubes.  In  the  horizontal  parts  lying  under 
the  floor  each  of  these  tubes  has  a  separate  valve,  wliich  is  open  in 
normal  work ;  by  turning  the  wheels  Y,  these  valves  can  be  closed. 
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Somewhat  above  the  supports  m^  n,  the  cock  Y  is  inserted  between 
the  tubes  m  and  n^  which  is  always  closed  in  normal  work,  but  in 
case  of  necessity  it  forms  a  second  connection  between  the  two 
tubes.  Near  to  the  forwarding  tubes  0  and  p  are  found,  lastly, 
€eparate  cocks  in  the  tubes  tn  and  n,  which  are  always  open  in 
normal  work.  The  use  of  these  cocks  and  valves  will  be  learnt 
later. 

The  connecting  tubes  m  and  n  are  not  connected  directly  with 
the  tubes  0  and  j9,  because  the  message-caiTiers  might  strike 
against  or  become  fixed  in  the  apertures  thus  produced  ;  they  open, 
on  the  contrary,  into  the  somewhat  wider  sleeves  M  and  N,  which 
surround,  air-tight,  the  tubes  0  and  p^  here  bored  with  very  fine 
holes. 

The  action  of  the  cocks  I  and  h  and  the  trough  A  is  already 
described  above  ;  its  construction  contains  nothing  unusual,  and  id 
clear  enough  from  Pig.  Ill,  without  further  explanation.  It  need 
only  be  mentioned,  that  by  means  of  simple  mechanism,  on  opening 
the  cock  Z,  a  rod  which  bears  a  disc  covered  with  coloured  paper  rises, 
and  on  closing  this  cock  sinks  again,  and  then  is  quite  concealed 
by  the  tube  0  from  the  eye  of  the  operator.  It  is  thus  possible 
for  the  operators  engaged  on  the  work  to  discover  from  a  distance, 
at  the  first  view,  whether  the  cock  I  is  open  or  closed.  Although 
it  is  thcOTetically  of  no  importance  to  let  two  carriers  follow  each 
other  at  short  intervals,  so  that  both  move  simultaneously  in  the 
tube,  yet  for  the  sake  of  greater  safety  the  working  is  up  to  the 
present  so  arranged  that  only  one  message-carrier  is  at  the  same 
time  in  the  tube,  so  that  no  carrier  is  despatched  earlier  than  the 
arrival  of  its  predecessor  at  the  further  station  has  been  signalled 
back,  and  to  prevent  this  rule  being  broken  accidentally  it  is 
arranged  that  the  cock  /  must  remain  open  until  the  arrival  of  the 
carrier  is  signalled  from  the  further  station.  For  such  signals  and 
for  other  necessary  service  correspondence  a  multiple  cored  cable  is 
laid  simultaneously  with  the  tube  circuit,  the  conductors  of  which 
are  connected  to  a  Morse  key  and  relay  in  the  usaal  manner,  which 
by  striking  a  gong  gives  audible  sounds.  As  soon  as  the  cock  I  is 
opened  for  the  despatch  of  a  message-carrier  the  further  station  is 
warned  by  pressing  the  key  down  three  times ;  he  notifies  by  a 
single  bell  stroke,  when  the  carrier  has  arrived  there,  and  on 
hearing  this  return  signal  the  cock  I  at  the  sending  station  is 
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closed   and    the  apparatoB  is  now  ready  for  sending  another 
carrier. 

The  message-catcher  at  the  arrival  end  of  the  tnhe  p,  as  already 
stated  and  shown  in  Fig.  Ill,  has  a  contrivance  quite  different 
irom  the  original  one.  In  place  of  the  flap  valve  g  a  cock  G  is- 
provided,  the  cone  of  which  possesses  a  bore  corresponding  to  the 
diameter  of  the  tube  circuity  which  allows  the  passage  of  the 
message-carrier  when  the  cock  is  opened.  Immediately  connected 
to  the  flange  of  this  cock  is  a  square  cast  iron  box,  hermetically 
closed  by  a  cover  D,  movable  on  hinges  ;  the  inner  walls  of  this- 
box,  as  well  as  the  cover  D,  are  provided  with  stiff  brashes,  which 
gradually  become  narrower  towards  the  back.  The  open  space 
remaining  between  these  brushes  is  considerably  less  than  the  outer 
diameter  of  the  message-carrier,  so  that  this  can  only  penetrate- 
into  the  box  by  bending  down  the  brushes,  and  by  the  friction 
thus  produced  is  brought  to  a  standstill.  The  further  end  of  the 
box  is  besides  fitted  with  an  indiarubber  buffer. 

When  the  cock  G  is  open  and  the  cover  D  closed  the  space  in 
the  catcher  box  communicates  with  the  vacuum  reservoir  Y,  and 
the  cover  is  kept  closed  by  the  extra  pressure  of  the  atmosphere. 
For  greater  safety  the  handle  H  of  the  cock  is  so  connected  with 
the  revolvable  lever  H,  by  means  of  a  jointed  lever  arrangement- 
that  when  the  cock  is  opened  this  lies  with  its  upper  hooked  end 
over  the  knob  of  the  cover  D,  and  holds  this  down  hard  ;  when 
the  cock  G  is  closed  it  leaves  the  knob  free.  The  plug  of  the  cock 
has,  moreover,  besides  the  passages  already  mentioned,  a  side  pas- 
sage, which  puts  the  space  in  the  receiving  box  into  communication 
with  the  outer  air  as  soon  as  the  cock  is  closed  to  the  circuit  pipe. 
The  cover  D  can  therefore  be  opened  without  difiiculty  after  the 
closing  of  the  cock  G.  In  order  to  avoid  an  accidental  turning  of 
the  cock  G,  a  spring  is  arranged  on  its  cover,  the  nose  of  which  f alia 
into  a  notch  in  the  plug  of  the  cock  and  holds  it  fast ;  this  spring 
must  first  be  raised  somewhat  with  the  left  hand  before  the  cock 
G  can  be  turned  by  means  of  the  hand  lever. 

Near  the  cock  G  a  rod  passes  downward  to  the  tube  py  which 
bears  a  similar  disc  to  that  already  described  as  connected  with 
the  cock  /.  As  soon  as  the  signal  arrives  from  the  distant  station 
that  a  letter-carrier  has  been  sent,  this  disc  is  raised,  and  the 
cock  G  opened,  if  perchance  closed.    After  the  arrival  of  the- 
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message-carrier,  which  is  accompanied  by  a  very  andible  noise,  that 
disc  is  pressed  down,  the  cock  G  closed,  the  catcher-box  opened, 
and  the  carrier  that  has  arrived  taken  ont 

The  station  in  the  Exchange  building  has  an  exactly  similar 
arrangement ;  bat  it  does  not  have  the  air-pump  and  the  reser- 
voirs y  and  C,  nor  the  connecting  tabes  m  and  n,  with  their 
different  cocks  and  valves,  which  are  replaced  by  a  short  tube  /, 
connecting  the  covering  pieces  M  and  N  directly  together. 

Both  the  end  stations  of  the  pneumatic  tube-post  are  placed  in 
the  vaults  of  the  building  in  question.  In  the  Exchange  building 
ttie  connection  of  the  pneumatic  station  with  the  offices  in  the 
ground  floor  is  effected  by  means  of  an  endless  leather  belt, 
-carried  over  pulleys  which  can  be  turned  by  a  handle,  and  suit- 
ably guided  and  stretched  by  a  system  of  rollers,  and  which  has 
pockets  at  two  places  for  the  receipt  of  messages.  In  the  telegraph 
building  the  pneumatic  station  has  only  to  communicate  with  the 
instrumeut  room,  three  floors  above  ;  this  takes  place  by  means  of 
a  pneumatic  tube  connection,  veiy  similar  to  that  described  at 
page  1  of  this  Journal  for  1864,  which  connects  the  instrument 
room  with  the  arrival  and  despatch  rooms,  with  the  sole  difference 
that  the  current  of  air  required  for  that  purpose  is  not  provided 
l>y  a  bellows,  but  by  the  delivery  of  compressed  air  from  the 
i*eservoir  C,  which  for  this  purpose  is  in  connection  through  a 
tube  provided  with  a  cock  with  the  lower  end  of  the  pneumatic 
<x)mmunicating  tul3e.  Closed  iron  boxes  are  used  as  cases  for  the 
messages  to  be  sent,  which  are  furnished  at  both  ends  with  thick 
felt  discs  of  somewhat  greater  diameter.  These  cases  have  sufficient 
room  in  their  somewhat  wider  receptacle  for  the  message-carriers, 
80  that  it  is  not  necessary  to  remove  the  messages  from  the  cases ;  but 
the  latter  can  be  forwarded  in  them  from  the  telegraph  building 
to  the  Exchange,  or  despatched  on  the  contrary  from  the  Ex- 
change direct  to  the  instrument-room  in  the  telegraph  building. 

Let  us  now  refer  to  the  message-carriers  :  such  a  one  is  shown 
in  flg.  112,  ^ths  of  the  actual  size.  The  middle  portion  of  the 
carrier  arranged  for  the  receipt  of  the  message-case  is  formed  of  a 
drawn  brass  tube,  U,  7f  inches  long,  If  inches  outer  diameter, 
and  fully  ^^  ^^^  thick.  On  its  ends  iron  caps  Q  Q,  are  fixed,  on 
the  bottom  portions  of  which  solid  iron  projections  Qi  Qi,  are 
mounted,  which  are  each  provided  with  suitable  slots  for  two  wheels 
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R  B,  and  carry  the  axles  of  these  wheels.  The  ends  of  these 
prolongations  have  in  the  axis  sb'ghtlj  conical  borings  qq,  in 
which  indiarubber  corks,  serving  as  buffers,  are  inserted  half-way, 
and  are  fastened  with  a  pin.  One  of  the  iron  caps  Q  Q,  is  firmly 
riveted  to  the  tube  U  ;  the  other  serving  as  a  cover  to  the  box, 
is  merely  pushed  over  the  tube  on  which  it  fits  exactly,  and  fixed 
to  it  by  a  double  bayonet-joint,  at  two  diametrically  opposite  parts, 
as  the  figure  shows.  As,  however,  owing  to  the  motion  of  the 
carrier  in  the  tube,  the  cover  may  turn  somewhat  of  itself,  and 
consequently  can  fall  quite  off,  and  thus  cause  the  carriage  to  get 
fixed  in  the  tube,  a  little  spring  u,  is  also  fixed  to  the  tube  U, 
which  engages,  by  means  of  a  nose  in  the  slit  of  the  cap^  as  soon 
as  it  has  been  turned  in  closing,  and  so  makes  impossible  an  acci- 
dental turning  back.    When  the  boxes  are  to  be  opened  the  spring 

Fig.  112. 


must  first  be  pressed  back  somewhat,  and  then  the  caps  can  be 
turned. 

This  closing  device  has  already  been  much  altered :  we  have 
described  the  latest  construction.  In  the  old  arrangements 
the  cover  also  was  soldered  to  a  brass  tube  four  or  five  inches  long, 
which  fits  exactly  into  the  tube  U,  into  which  it  is  slipped.  The 
closing  was  effected  sometimes  by  a  bayonet-joint,  at  another  by  a 
snap-spring. 

The  wheels  are  solid,  of  hardened  steel,  and  run  on  smoothly 
polished  axles,  which  are  firmly  riveted  in  the  iron  pieces  Q^  Q,. 
These  four  axles  do  not  lie  all  in  one  plane,  but  are  displaced  alter- 
nately by  90**  from  the  next  one  (naturally,  however,  they  all 
stand  vertical  with  respect  to  the  middle  line  of  the  carrier),  so 
that  the  first  and  third  wheel,  counting  from  the  left,  tnm  in  one 
plane,  and  the  second  and  fourth  in  another,  which  stands  at 
right  angles  to  the  first.  It  is  easily  seen  that  with  this  con- 
struction the  earner  always  rolls  on  the  wheels,  let  it  turn  as  it 
will.    The  tube  U  and  the  caps  Q  Q,  are  protected  from  rubbing 
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the  walls  of  the  condacting  tube,  as  the  steel  wheels  have  a  some- 
what greater  diameter  than  the  end  caps  Q  Q.  At  the  same 
time  the  diameter  of  the  wheels  is  about  1^  mm.  less  than  the 
inner  diameter  of  the  conducting  tubes.  Although  a  loss  of  air, 
which  escapes  between  the  carrier  and  the  tube,  and  therefore  a 
loss  of  energy  is  thus  caused,  yet  this  is  necessary,  because  the 
carriers  could  easily  become  jammed,  especially  at  the  places  where 
two  pieces  of  tube  join  together,  if  these  do  not  lie  exactly  in  the 
same  straight  line,  or  at  places  where  the  tube  is  accidentally 
somewhat  narrow,  or  where  it  is  pressed  somewhat  oval. 

The  tube  circuits,  as  already  stated,  are  made  of  drawn  wrought 
iron  tubing  of  2^  English  inches  internal  diameter,  and  laid  two 
to  four  feet  below  the  pavement.  For  connecting  the  several 
ends  cast  iron  flanges  are  used,  each  with  four  screw  bolts  made 
tight  with  an  indiarubber  ring  covered  with  varnish  placed  between 
them.  To  secure  exactly  central  communication  of  the  tubes, 
and  to  avoid  all  jutting-out  comers  inside  the  tube  circuit,  at  such 
spots  a  small  projection  is  turned  up  outside  on  one  of  the  respec* 
tive  pieces  of  tubing.  On  the  other  one  a  corresponding  piece  is 
taken  out  on  the  inside,  so  that  the  first  enters  somewhat  into  the 
other.    The  individual  pipes  have  a  length  of  15  feet. 

The  cii'cuit  tubes  descend  from  the  station  in  the  telegraph 
building  tolerably  quickly,  and  then  run  in  an  almost  horizontal 
position  through  the  Oberwall  Street  on  its  west  side,  and  passing 
the  Artillery  House  to  the  comer  of  the  Royal  Ministry  of 
Finance,  then  through  the  street  *'  Hinier  dem  Giesshause,''  as  far 
as  the  little  iron  bridge  at  the  principal  Custom  House,  here  they  pass 
over  the  left  arm  of  the  Spree  in  a  curve,  rising  above  the  rail  of 
the  bridge,  and  then  mn  along  the  new  Museum,  and  over  the 
massive  Friedrich's  Bridge,  where  they  lie  under  the  pavement  up 
to  the  corner  of  Hercules  Briicken  Street,  and  finally  end  with  a 
pretty  sharp  curve  in  the  pneumatic  station  of  the  Exchange, 
lying  in  the  new  Friedrich  Street.  The  total  length  of  each  of 
the  two  tube  circuits  amounts  to  28B5  feet."^  Along  the  greatest 
portion  of  its  way  the  tube  is  laid  in  a  straight  line,  or  very  slightly 
curved  lines  ;  sharp  curves  occur  only  at  four  places,  namely,  in 

*  When  the  pneumatic  circuit  in  Berlin  wa«  first  discussed  it  was  intended 
to  form  a  connection  of  that  kind  between  the  telegraph  building  and  the 
Potsdam  railway  station  ;  the  length  of  18,000  feet  given  at  p.  209  of  the  first 
volume  of  this  collection  had  reference  to  this  project. 
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passing  np  from  the  telegraph  bailding  across  Fraiizosisehe  Street 
to  the  Oberwall  Street,  behind  the  Giesshans,  in  passing  over  the 
iron  bridge,  and  at  the  entrance  into  the  Exchange.  It  was 
necessary  to  treat  only  the  last  two  carves  as  actual  curves  of  40 
feet  radius,  and  to  employ  correspondingly  bent  pieces  of  tubing. 
So  great  a  radius  could  be  given  to  all  the  other  curves  that  they 
could  be  constructed  without  disadvantage  out  of  straight  pieces 
of  tube.  The  construction  of  the  carrier  would  have  permitted  of 
curves  of  20  feet  radius. 

The  passage  of  the  pneumatic  tubes  over  the  iron  bridge  by  the 
chief  Custom  House  was  effected  in  a  curve  by  the  side  of  the 
bridge  rail  on  the  down  stream  side.  This  curve  had,  however, 
to  rise  at  least  as  high  in  the  middle  as  the  bridge-flaps  when 
drawn  up,  so  that  the  passage  of  ships,  even  at  the  highest  tide, 
at  which  these  can  still  pass  the  bridge,  should  be  in  no  way 
hindered. 

As  it  was  foreseen  that  water  would  after  a  time  collect  in  the 
tubes,  either  from  condensation  of  the  damp  air  passing  through, 
or  in  other  ways,  consideration  was  given  to  remove  this  disad- 
vantage in  the  project,  by  laying  collectors  in  the  lowest  portion  of 
the  line,  in  which  the  water  could  collect,  and  from  which  it  could 
be  easily  withdrawn.  However,  only  a  very  slight  collection  of 
water  has  taken  place,  and  that  specially  in  the  tube  0,  connected 
with  the  compression  reservoir  C. 

Rust  only  forms  very  slightly  in  the  tubes.  In  order  to  clear 
the  conductor  irom  this,  formerly  a  cylindrical  brush,  the  outer 
diameter  of  which  slightly  exceeded  the  internal  diameter  of  the 
tube,  the  back  end  of  which  was  provided  with  a  leather  ruflBe,  was 
put  in  place  of  the  carrier,  and  forced  through  with  great  force. 
With  the  very  small  quantity  of  rust,  however,  this  operation  is 
now  only  seldom  required. 

It  has  several  times  happened,  especially  at  first  after  starting 
the  regular  work,  when  the  necessary  experience  as  regards  the  pro- 
portion of  pressure  to  be  brought  into  use  had  not  yet  been  gained, 
and  the  construction  of  the  carriers,  &c.,  still  suffered  from  many 
imperfections,  that  the  message-carriers  stuck  in  the  tube. 
In  such  cases  it  is  not  advisable  to  drive  the  carrier  further  by 
increase  of  pressure  ;  on  the  contraiy,  if  it  was  jammed  the  harm 
would  be  increased.    It  is  therefore  preferred,  by  altering  the 
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direction  of  the  current  of  air,  to  pash  the  carrier  back  to  the 
starting  point,  which  witb  the  actual  arrangement  is  most  easily 
carried  out.  For  this  pnrpose  the  separating  valve  Y,  and  the 
separating  cock  of  the  tube  m  are  closed,  the  cocks  /,  ^,  and  Y, 
however,  opened  ;  then  the  compressed  air  from  C  flows  throngh 
ihe  cock  Y  to  the  circuit  ji7,  traverses  the  connecting  tube  i  in  the 
Exchange  to  the  circuit  (?,  and  back  through  this.  Or  the  begin- 
ning of  the  tube  0  might  be  put  in  connection  with  the  vacuum 
reservoir  V,  by  closing  the  valve  V  and  the  separating  cock  of 
the  tube  n,  and  opening  the  cocks  I  and  Y  ;  but  the  cock  h  would 
be  easily  damaged  in  this  way  by  the  impact  of  the  returning  car- 
rier, also  it  would  be  very  difficult  to  close  the  cock  /  just  at  the 
right  time,  so  that  the  carrier  does  not  roll  back  into  the 
tube. 

If  all  these  attempts  are  without  success — fortunately  a  very 
unlikely  circumstance — then,  of  course,  nothing  else  remains  than 
to  take  up  the  tube  circuit.  For  that  puipose,  however,  the  place 
where  the  earner  is  fixed  must  be  approximately  known  ;  this  was 
sought  to  be  ascertained  in  one  of  the  two  cases  of  that  kind  which 
have  as  yet  occurred,  in  the  following  way  : — The  above  mentioned 
brush,  provided  with  a  leather  frill,  and,  therefore,  closing  the 
tube  water-tight,  was  brought  into  the  end  of  the  tube  circuit,  and 
this,  after  closing  of  the  cock  leading  to  the  reservoir,  was  con- 
nected with  the  water-pipe  of  the  building  through  a  water-meter. 
The  water  passed  into  the  tube  as  it  shoved  the  brush  in  front  of 
it  until  this  had  reached  the  fixed  carrier.  From  the  quantity  of 
water  passed  into  the  tube,  as  the  interior  diameter  of  the  tube  is 
well  known,  the  distance  from  the  end  in  question  to  the  closing 
stopper  can  be  calculated.  The  result  of  this  trial  agreed  within 
^  few  feet  with  that  afterwards  found. 

Such  disturbances  of  the  pneumatic  arrangement  were,  as  already 
stated,  only  frequent  at  first  after  the  opening  of  the  working, 
later  they  occurred  only  very  seldom.  In  the  last  few  months 
only  one — a  very  important  disturbance — took  place,  which  was 
brought  about  through  workmen  who  were  engaged  on  an  altera- 
tion of  the  gas  and  water-pipes,  having  injured  our  tubes  from 
carelessness.  The  tube  in  question  had,  therefore,  to  be  cut  ou^ 
4ind  replaced  by  a  new  one.  The  occasion  thus  served  to  prove 
that  during  the  eight  months*  use,  the  tube  circuit  had  not 
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suffered ;  the  piece  cut  out  did  not  show  the  slightest  traces  of 
wearing  through  the  wheels  of  the  message-carrier. 

When  the  arrangement  was  first  planned,  the  minimum  velo- 
city of  despatch  contemplated  was  that  the  message  -  carriers 
should  occupy  about  three  minutes  to  travel  the  distance  between 
the  telegraph  building  and  the  Exchange.  In  practice  it  was 
found  that  there  was  no  difficulty  whatever  in  reaching  that 
minimum  time  of  forwarding.  It  was  even  considerably  ex- 
ceeded— ^the  carriers  traversed  the  distance  in  the  first  trials  in  less 
than  one  minute — and  it  appeared,  that  the  greatest  difficulty  was 
rather  to  reduce  the  velocity  to  such  an  amount  that  the  carriers 
and  catching  arrangements  might  not  be  too  much  in  danger  of 
injury  by  frequent  shocks,  i.e.,  a  duration  of  travel  of  about  one 
and  a  half  minutes. 

It  follows,  naturally,  that  the  message-carriers  require,  with  a 
given  difference  of  pressure,  more  time  for  the  journey  from  the 
telegraph  building  to  the  Exchange  in  the  tube  0,  than  for  the 
return  to  the  telegraph  building  in  the  tube  p.  For  as  the  velocity 
of  the  current  of  air,  as  follows  from  the  theoretical  explanation 
given  above,  always  increases  from  the  reservoir  C  through  the 
tube  circuit  up  to  the  reservoir  V,  the  mean  velocity  in  the  tube 
p  must  be  considerably  greater  than  in  tube  0,  The  difference 
between  the  times  of  despatch  is  not  inconsiderable  ;  in  an  experi- 
ment made  for  the  purpose  in  which  the  excess  pressure  in  reser- 
voir C  and  the  exhaustion  in  reservoir  V  were  alike — namely^ 
9  inches  of  mercury — the  time  of  passage  of  a  carrier  to  the  Ex- 
change was  95  seconds,  and  from  the  Exchange  to  the  telegraph 
building,  70  seconds.  This  agrees  exceedingly  well  with  Dr. 
Siemens*  formula,  according  to  which  the  mean  velocities  in  the 
tubes  0  and  p  vary  in  the'  cases  in  question,  as  69 « 95  from  which 
the  ratio  of  the  time  of  dispatch  is  as  95:69,  instead  of  95:70  as 
in  the  experiment.  With  equality  of  the  pressure  and  exhaustion 
in  the  reservoirs  C  and  V,  therefore,  if  even  the  difference 
of  pressure  is  taken  as  slight  as  the  safety  of  the  despatch  to  the 
Exchange  permits,  the  carriers  returning  thence  to  the  telegraph 
building  will  arrive  with  a  velocity  injurious  to  the  preservation  of 
the  material.  To  reduce  this  difficulty,  as  far  as  possible,  one  now 
uses  for  the  valve  of  the  vacuum  reservoir  a  less  load  than  for  the 
other,  so  that  there  exists  in  reservoir  C  a  pressure  of  7  pounds  on 
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the  square  iuch,  or  14  inches  of  mercury,  but  in  reservoir  V  a 
vacuum  of  only  6  inches  of  mercury.  Naturally  the  valve  of  V 
then  draws  some  air  constantly,  whilst  at  the  Exchange  station  air 
passes  out  with  eacb  opening  of  the  cock,  because  the  point  where 
the  tension  in  the  tube  system  is  equal  to  the  external  atmospheric 
pressure  is  now  no  longer  at  /,  but  at  a  point  some  distance  along 
the  tube  p. 

The  time  of  passage  of  a  carrier  is,  in  consequence  of  this,  now 
on  the  average  : — 

In  the  direction  to  the  Exchange,  1'  30", 
„  from  „  1'20". 

The  velocity,  thus  diminished,  of  the  message-carriers  arriving  in 
the  telegraph  building  gives  rise  to  no  apprehension ;  that  the  time 
of  despatch  in  the  tube  j9  is  always  less  than  in  tube  (?,  moreover, 
is  favourable  under  the  existing  circumstances,  as  more  des- 
patches are  always  being  sent  from  the  Exchange  to  the  telegraph 
building  than  in  the  opposite  direction. 

With  the  above-mentioned  relations  of  pressure  there  has 
been  no  difficulty  in  despatching  in  both  directions  80  message- 
carriers  per  hour ;  each  carrier  can  carry  twenty  despatches  rolled 
together,  so  that  by  the  pneumatic  conductor  1,600  messages  can 
be  sent  both  ways  in  an  hour.  This  performance  considerably 
exceeds  the  requirements  as  they  now  exist,  even  in  the  busiest 
times  :  in  the  whole  day  mostly  only  600  to  600,  and  as  a 
maximum  once  800  messages  had  to  be  sent  by  this  means. 


SIEMENS  &  HALSKE'S  ELECTRICAL  WATER 

LEVEL  INDICATOR.* 

The  electrical  water  level  indicator  consists  essentially  of  the 
current  generator,  the  indicating  apparatus  and  the  conductor. 

The  current  generator  is  a  magneto-electric  inductor  consisting 
of  10  pail's  of  steel  plates  as  the  side  view  in  Fig.  118  shows.    The 

*  Journal  of  the  Deutsch-Oestcrr.  Telegr.  Vereiu,  Vol.  XIII.,  p.  185.  1866. 
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armafcure  axle  x  of  the  inductor  carries  the  disc  n  firmly  fixed  to 
it,  to  the  sarface  of  which  one  end  of  a  strong  spiral  spring  v  is 
screwed.  The  other  end  of  the  spiral  is  fixed  in  the  same  way  to 
the  disc  m.  This  is  loose  on  the  axle  x  and  turns  round  it 
together  with  the  toothed  wheel  r  and  the  steel  thumb  piece  c. 
Further  there  is  fixed  firmly  on  the  axle  x  the  steel  disc  dy  which 
has  a  notch  on  its  periphery,  into  which  the  projection  o  of  the 
lever  a  is  drawn  by  a  spiral  spring/.  Besides  the  projection  a  the 
lever  a  has  also  a  nosepiece  }>  which  with  each  revolution  of  the 


Fig.  113. 


Audd$ia§ 


wheel  r,  and  therefore  also  of  the  thumb  piece  c,  moves  the  lever  a 
so  much  sideways,  that  a  quits  the  notch  of  the  disc  d  and  this 
can  turn  round  unimpeded.  If  the  wheel  r  is  turned  in  one 
or  other  direction,  the  spiral  spring  is  each  time  strained  thereby 
and  tends  to  turn  the  axle  x  and  therefore  also  the  armature  and 
the  steel  disc  d.  This  is  however  prevented  as  long  as  the 
projection  a  is  in  the  notch  of  the  disc  d. 

It  is  only  after  the  wheel  ;*,  together  with  the  thumb  piece  c  and 
the  disc  m^  has  turned  once  round,  and  has  thus  stretched  v  by 
one  full  revolution,  that  the  thumb  piece  c  raises  the  projection  a 
from  the  disc  d  by  means  of  the  nose  h.  As  soon  as  this  occurs, 
the  force  of  the  spring  v  comes  into  operation  and  drives  the 
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armatare  of  the  magDeto-iodtictor  once  ronnd ;  the  projection  a 
then  again  falls  into  the  notch  of  the  disc  d,  whereby  the  armature 
is  ^ain  stopped  until  a  fnll  revolntion  of  the  thamb  piece  e  again 
releases  it,  and  brings  about  a  new  revolution.  These  revolutions 
take  place  in  one  or  other  direction,  according  as  the  spiral  spring 

Fig.  114. 


is  tamed  forward  or  backward  fVom  its  position  of  rest  by  the 
revolution  of  the  wheel. 

B7  the  one  revolution  of  the  armalure  there  are  generated  in 
the  windings  of  the  conductor,  two  currents  of  opposite  direction 
immediately  following  one  another.  These  currents  are  used  to 
set  in  motion  a  magnet  pointer  at  the  other  station.  One  end  of 
the  convolutions  of  the  armature  is  connected  with  the  fi^me  of 
the  apparatus  and  thereby  with  the  earth,  the  other  however  is  led 
to  the  insulated  disc  /,  round  which  the  steel  lever  g  is  placed. 
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This  lever  ^  is  pressed  against  the  disc  i  bj  the  tension  of  the  screws 
on  it  and  when  the  armatore  is  turned,  is  taken  with  it  in  one 
or  other  direction  np  to  the  contact  screws  Jo  ox  I  (Fig.  114). 
These  screws  are  insulated,  and  each  is  in  connection  with  a  con- 
ductor leading  to  the  water  level  pointer. 

There  the  current  circulates  round  one  of  the  two  electro-magneta 
of  the  pointer  and  then  goes  to  earth  as  is  seen  in  Fig.  114. 

The  wheel  r  receives  its  motion  from  the  wheel  R,  which,  on  its 
side  is  again  moved  by  being  connected  with  a  float  on  the  level  of 
the  water  through  a  jointed  chain,  which  is  carried  around  a  star 
wheel,  which  is  firmly  fixed  to  the  wheel  R.    A  heavy  weight  hangs 


Fig.  115. 


from  the  other  end  of  the  chain.  It  is  clear,  that  through  this 
an-angement,  with  a  rise  or  fall  of  the  water  level,  both  the  float 
and  the  wheel  R  are  necessarily  turned  in  one  or  other  direction, 
consequently  the  apparatus  acts  as  above  described.  If  the  cir- 
cumference of  the  chain  wheel  is  exactly  one  foot  and  the  ratio 
of  the  number  of  teeth  of  the  wheels  R  and  r  as  5  to  1,  it  thence 
follows  that  with  the  rise  or  fall  of  the  float  by  each  \  foot,  the 
current  generator  sends  into  one  or  other  conductor,  two  short 
consecutive  induction  currents,  which  cause  a  motion  of  the  pointer 
in  the  forward  or  backward  direction. 

The  indicating  apparatus  shown  in  Fig.  ]  14  consists  of  two 
combined  magnet  pointers,  which  work  conjointly  on  one  axis  y, 
but  in  opposite  directions.  Fig.  115  shows  the  manner  of  the 
pointer's  motion.  The  steel  axle  y  has  a  strengthening  piece  in 
its  centre,  which  carries  an  arm  perpendicular  to  it.    To  one  end 
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of  this  arm  a  pin  is  attached,  around  which  the  toothed  wheel  8 
revolves.  A  small  nut  prevents  the  falling  off  of  this  wheel.  At 
•one  end  of  the  axle  is  fixed  the  pointer  z. 

On  the  axle  y  there  is  fixed  on  each  side  a  loose  tube  0,  p,  each  of 
which  carries  a  rachet  wheel  r  on  the  outer  end,  but  on  the  inside 
a  crown  wheel  m  n.  Both  crown  wheels  have  the  same  number  of 
teeth  and  gear  mutually  in  the  toothed  wheel  8  mentioned  above,  of 
which  the  number  of  teeth  can  be  fixed  arbitrarily.  The  driving 
wheels  r  have  each  60  teeth,  but  are  so  fixed  to  their  tubes,  that  the 
one  is  moved  to  the  right  by  its  driving  spring,  and  the  other  to 
the  left.  Let  it  be  assumed  that,  the  left  wheel  r,  therefore  also  m, 
stands  still,  but  the  right  wheel  r  is  driven  in  the  direction  of  the 
arrow  ;  the  consequence  would  be,  that  the  wheel  s  would  also  be 
turned,  and  thereby  the  arm  carrying  the  wheel  s  and  pointer  z, 
would  move  in  the  same  direction  as  the  right  wheel  r,  only  with 
half  the  angular  velocity.  Exactly  the  same  takes  place  though  in 
the  opposite  direction,  if  the  right  wheel  is  held  fast,  and  the  left 
turned  in  the  direction  of  the  arrow.  From  this  arrangement  it 
is  clear,  that  with  the  help  of  the  above  mentioned  double  magnet 
pointer,  either  the  one  or  the  other  driving  wheel  can  be  actuated 
accordingly  as  the  inductor  sends  the  current  into  the  one  or  the 
other  conductor. 

The  conductor  is  an  ordinary  double  telegraph  line  with  con- 
nection to  the  earth  at  each  end,  and  the  method  of  joining  up  is 
made  quite  clear  by  Fig.  114. 


ON  THE  CONVERSION  OF  MECHANICAL  ENERGY 
INTO  ELECTRIC  CURRENT  WITHOUT  THE  USE 
OF  PERMANENT  MAGNETS.* 

When  two  parallel  wires  which  form  part  of  the  closed  circuit 
of  a  galvanic  battery  are  brought  near  to  or  removed  from  one 

*  Bronght  before  the  Royal  Academy  of  Sciences  of  Berlin  by  Professor 
Magnus  at  the  session  of  the  17th  January,  1867. 

Although  already  included  in  tl)e  first  volume  of  this  collection  at  p.  217, 
this  paper  is  reprinted  here  on  account  of  its  fundamental  importance,  and 
because  in  what  follows  it  will  be  frequently  referred  to. 
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another,  an  increase  or  diminntion  of  the  current  of  the  batteiy 
is  observed,  according  as  the  motion  is  in  the  direction  of  the 
force  which  the  currents  exert  on  one  another,  or  in  the  opposite 
direction. 

The  same  phenomenon  occurs  with  increased  intensity  when  the 
poles  of  two  electro-magnets,  the  convolutions  of  which  form  part 
of  the  same  closed  circuit,  are  brought  near  to  or  removed  from 
one  another. 

If  the  direction  of  the  current  is  reversed  in  one  wire  at  the 
moments  of  the  closest  approach  and  furthest  removal,  as  is  done 
by  mechanical  means  with  electro-dynamic  rotatory  apparatus  and 
electro-magnetic  machines,  a  continual  diminution  of  the  strength 
of  the  current  occurs  so  soon  as  the  apparatus  is  set  in  motion. 
This  weakening  of  the  battery  current  by  means  of  the  counter 
current  which  is  generated  by  the  motion  in  the  direction  of  the 
moving  forces,  is  so  considerable,  that  it  explains  why  electro- 
magnetic motors  could  not  be  driven  successfully  by  means  of 
galvanic  batteries.  If  such  a  machine  be  turned  in  the  opposite 
direction  by  means  of  an  external  force,  the  battery  current  will 
be  increased  by  the  induced  current  now  flowing  in  the  same 
direction. 

As  this  increase  of  the  current  also  causes  an  increase  of  the 
magnetism  of  the  electro-magnet,  and  consequently  also  a  strength- 
ening of  the  following  induced  current,  the  current  of  the  battery 
increases  rapidly  to  such  a  point,  that  the  battery  itself  may  be 
disconnected  without  any  observable  diminution  of  the  current. 
If  the  rotation  is  stopped,  the  current  naturally  disappears  and 
the  stationary  electro-magnet  loses  its  magnetism.  But  the  small 
quantity  of  magnetism  which  always  remains  in  the  softest  iron, 
suffices,  on  renewing  the  rotation,  to  generate  again  a  progressive 
increase  of  the  current  in  the  circuit. 

Thus  a  weak  current  from  a  battery  requires  only  to  be  passed 
once  for  all  through  the  coils  of  the  fixed  electro-magnet  to  render 
the  apparatus  always  serviceable.  The  direction  of  the  current 
which  the  apparatus  produces,  is  dependent  on  the  polarity  of  the 
remanent  magnetism.  It  is  altered  by  means  of  a  momentary 
current  in  the  opposite  direction  passed  through  the  coils  of  the 
fixed  magnet ;  this  suffices  to  give  an  opposite  direction  also,  to 
all  the  subsequent  powerful  currents  generated  by  rotation. 
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The  action  described,  muflt  occur  indeed  with  every  electro- 
magnetic  machine  which  is  based  on  the  attraction  and  repnlsion 
of  electro-magnets,  the  coils  of  which  are  included  in  its  own  cir- 
cuit, but  still  special  considerations  are  required  to  construct  such 
electro-dynamic  machines  of  great  power.  The  fixed  magnet 
encircled  by  the  commutated  currents,  must  have  sufficient 
magnetic  inertia  also  to  retain  unimpaired  the  highest  amount  of 
magnetism  induced  in  it  during  the  change  of  current,  and  the 
opposite  poles  of  both  magnets  must  be  so  arranged,  that  the  fixed 
magnet  has  always  a  closed  magnetic  iron  circuit  whilst  the 
moving  one  is  revolving.  These  conditions  are  best  fulfilled  by 
the  form  of  magneto  machine  proposed  by  me  a  long  time  ago, 
and  since  much  used  by  myself  and  others.  The  rotating  magnet 
in  this,  consists  of  an  iron  cylinder  revolving  on  its  axis,  provided 
with  two  slots  opposite  to  one  another  and  parallel  to  the  axis, 
which  receive  the  insulated  coil  of  wire.  The  poles  of  a  great 
number  of  steel  magnets,  or  in  the  case  in  question  the  poles  of 
the  fixed  electro-magnet,  surround  the  periphery  of  this  iron 
cylinder  throughout  its  whole  length  with  the  least  possible 
clearance. 

With  the  help  of  a  machine  constructed  in  this  way,  and  driven 
at  a  sufficiently  high  speed,  when  the  relations  of  the  separate 
portions  are  properly  determined,  and  the  commutator  is  properly 
adjusted,  currents  of  such  strength  may  be  generated  in  closed 
circuits  of  small  external  resistance,  that  the  wires  surrounding  the 
electro-magnets  are  heated  by  them  in  a  short  time  to  such  a 
temperature,  that  the  covering  of  the  wire  becomes  charred.  When 
the  machine  is  regularly  used,  this  [risk  may  be  avoided  by  the 
insertion  of  resistances,  or  by  moderating  the  velocity  of  rotation. 
Whilst  the  output  of  magneto-electric  machines  does  not  increase 
in  the  same  proportion  as  their  dimensions,  the  converse  holds 
good  in  those  described.  The  cause  of  this  is,  that  the  force  of 
the  steel  magnets  increases  in  a  much  less  ratio  than  the  mass  of 
the  steel  employed  in  their  construction,  and  that  the  magnetic 
power  of  a  large  number  of  small  steel  magnets  cannot  be  concen- 
trated in  a  small  polar  surface  without  weakening  the  action  of 
such  magnets  considerably  or  quite  demagnetizing  some  of  them. 
Magneto-machines  with  steel  magnets  are  therefore  not  adapted 
for  use  where  it  is  required  to  produce  very  strong  continuous 
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cnrrentB.  The  oonstraction  of  such  powerful  magDeto-eleofcrio 
machines  has  indeed  often  been  tried,  and  snob  powerfol  corrents 
have  been  produced  with  them,  that  they  gave  an  intense  electric 
light,  but  these  machines  were  obliged  to  be  made  of  enormous 
dimensions  and  were  therefore  verj  costly,  moreover  the  steel  mag- 
nets soon  lost  the  greatest  part  of  their  magnetism,  and  the 
machines  their  original  force.  Lately,  Wilde  of  Birmingham  has 
considerably  increased  the  efficiency  of  magneto-electric  machines 
by  combining  in  one  machine,  two  magneto-machines  of  my  above 
described  construction.  He  provides  the  larger  of  these  machines 
with  an  electro-magnet  in  plaoeof  a  steel  magnet,  and  uses  the 
other  to  produce  the  continuous  magnetization  of  this  electro- 
magnet. As  the  electro-magnet  is  stronger  than  the  steel  magnet 
it  replaces,  the  current  produced  must  be  increased  by  this  combina- 
tion in  at  least  the  same  proportion. 

It  can  easily  be  perceived,  that  by  means  of  this  combination 
Wilde  has  considerably  diminished  the  above-mentioned  defects  of 
the  steel  magnet  machine.  Setting  aside  the  inconvenience  of 
employing  two  inductors  at  the  same  time  to  produce  one  current, 
his  apparatus  is  dependent  on  the  uncertain  performance  of  the 
steel  magnet. 

By  means  of  the  method  employed,  electric  currents  can  be  pro- 
duced in  a  cheap  and  simple  manner,  wherever  mechanical  agency 
is  available.  This  circumstance  will  be  of  considerable  import- 
ance in  many  departments  of  the  arts. 


SIEMENS  AND  HALSKE'S  DYNAMO-ELECTEIC  APPA- 
RATUS FOR  MINE  EXPLODING  AND  OTHER 
PURPOSES  IN  WHICH  ONLY  A  SHORT  STRONG 
CURRENT  IS  REQUISITE.* 

This  apparatus  differs  from  Siemens  and  Halske's  old  magneto- 
electric  apparatus  in  that  the  steel  magnets  between  the  poles  of 

*  Jonmal  of  the  Deutsch-Oesterr.  Telegraphen  Yerein,  Vol.  14,  p.  188. 
1867. 
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which  rotates  the  iron  annatare  wound  with  wire  in  &  direction 
parallel  to  its  axis  of  rotation,  are  replaced  by  a  powerful  electro- 
magnet. The  windings  of  this  electro-magnet  are  traversed  by 
the  alternating  currents  produced  in  the  rotating  armature,  after 
they  have  been  rectified  by  means  of  a  commutator.  At  the 
oommencement  of  the  rotation  of  the  armature,  it  is  only  exposed 
to  the  action  of  the  weak  magnetism  remaining  behind  in  the 
electro-magnets  ;  the  currents  produced  in  its  windings  are  con- 

rig.116. 


seqnently  also  only  weak.  They,  however,  immediately  strengthen 
this  remanent  magnetism,  produce  thereby  again  stronger  indnced 
currents  and  so  forth,  until  the  iron  of  the  electro-magnet  has 
taken  np  the  maximam  magaetism  of  which  it  is  capable.  The 
current  is  kept  short  circuited  by  a  contact  spring  until  the 
handle  has  made  two  revolntions  and  until  current  and  mag- 
netism hare  arrived  at  their  fnll  development.  If  the  short 
circuit  is  then  suddenly  opened,  there  arises  in  the  now  inserted 
line  a  short  bnt  strong  current  serving  for  the  release  of  alarms, 
for  firing  mines,  and  such-like  purposes. 
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In  Fig.  IIG  A  is  the  rotating  armature,  into  the  steel  pinion  t 
of  which  the  wheel  B  gears.  E  is  the  electro-magnet,  C  the  com- 
mutator. The  interrupting  lever  D  falls  after  two  revolutions  of 
the  wheel  r^y  into  the  notch  of  the  disc  F^  fixed  to  the  wheel  r  and 
opens  the  contact ;  after  this  the  current  passes  into  the  line^  the 
ends  of  which  are  fixed  to  the  screws  ei  and  e^.  The  circuit  of  the 
current  is  shown  in  the  diagram^  Fig.  117. 

The  apparatus  is  enclosed  in  a  wooden  protecting  case,  which  i» 
so  arranged  that  the  apparatus  when  used  does  not  require  to  be 
removed  from  it.  The  axle  of  the  wheel  R  projects  out  of  the 
case  as  a  square  head,  to  which  the  handle  is  fixed.  For  holding 
the  handle  a  special  partition  is  provided  on  the  top  of  the  case^ 

If  the  appai'atus  is  to  be  used  for  exploding  mines,  fuses  with  con- 
ducting material  or  those  with  a  conducting  layer  of  graphite  must 
be  used.  If  several  mines  are  to  be  simultaneously  exploded,  thifr 
can  be  done  with  safety  if  the  fuses  are  so  inserted  that  they  are 
traversed  by  the  current  simultaneously  and  not  consecutively. 

Appendix  ly  the  Editor  of  the  Telegraph  Journal 

For  its  better  comprehension  we  add  the  following  to  thi& 
description,  issued  by  the  makers  rather  as  instructions  for  use : — 
The  inductor  A  has  exactly  the  construction  called  after  Mr. 
Siemens,  who  first  employed  it  in  his  magneto-electric  railway 
dial  apparatus,  and  since  in  all  his  induction  apparatus — a 
construction  which,  as  already  remarked,  has  recently  been  fre- 
quently adopted  also  by  other  constructors,  where  the  production 
of  powerful  induction  currents  was  sought. 

The  dotted  circle  Ao,  in  Fig.  117,  indicates  the  actual  position 
of  the  inductor  between  the  poles  BB  of  the  electro-magnet  E,  but 
for  greater  clearness,  and  to  show  its  connection  with  the  commu- 
tator, it  is  again  drawn  somewhat  higher  in  side  view.  The  com- 
mutator C  fixed  to  the  axle  of  the  inductor,  consists  of  two  in- 
sulated metallic  semicylinders,  which  are  continuously  connected 
with  the  two  ends  of  the  wire  wound  on  the  inductor,  and 
against  which  slide  at  two  exactly  opposite  points  two  sets  of 
springs.  The  number  of  springs  in  these  sets  only  secures  a  greater 
safety  in  the  result,  in  case  one  or  other  of  the  springs  might  be 
relaxed  ;  in  principle  naturally  one  spring  only  would  suffice. 
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One  Bet  of  aprings  is  condaotively  connected  with  the  imnlated 
metal  piece  «i  (Fig.  116),  bearing  the  contact  screw  t,  the  other 
vith  the  begitming  of  the  windings  of  the  electro-magnet  E, 
whilst  the  other  end  of  the  windings  is  in  condnctire  connection 
wiUi  the  metal  piece  «,,  bearing  the  contact  lever  D.  Between  the 
two  metal  contacts  £,  and  e,  the  onter  circnit  is  inserted.  So  \isa% 
as  the  lerer  D  with  the  nose  0  placed  on  its  nnder  side  elides  on 
the  periphery  of  the  disc  F,and  is  raised  thereby,  a  contact  spring 
fixed  on  the  upper  side  of  this  lever  presses  against  the  contact 


Fig.  117. 


screw  s,  and  prodoces  thereby  a  short  circnit  between  the  metal 
pieces  e^  and  «, ;  the  conductor  is  ont  of  circnit,  and  the  induction 
currents  produced  only  circulate  through  the  windings  of  the 
electro-m^net  E,  and  in  the  same  direction  owing  to  the  comma* 
tation.  But  if  the  nose  0  of  the  lever  pulled  down  by  a  spring 
falls  into  the  notch  of  the  disc  F,  the  short  circnit  is  broken  and  the 
currents  now  traverse  the  conductor  until  the  nose  0  of  the  lever  D 
is  again  raised.  This  insertion  of  the  coadactor  occurs  after  each 
two  revolutions  of  the  winch  handle,  since  the  wheel  r  connected 
with  F  (Fig.  116)  possesses  double  as  many  teeth  as  the  wheel  r 
keyed  on  the  winch  axle.  It  is  evident  that  these  relations  can 
easUy  be  altered  as  required. 


/-• 
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As  is  seen^  this  apparatus  realizes  the  principles  explained  by 
Dr.  Siemens  in  the  paper  '*  On  the  transformation  of  energy  into 
electric  current  without  the  use  of  permanent  magnets."  The 
reader  will  not  fail  to  see  that  Ladd's  electrodynamic  machine 
described  in  the  4th  and  5th  parts  of  this  journal  is  based  on  the 
same  principles.  Professor  Wheatstone  has  explained  the  same 
idea  in  a  paper  published  in  the  Philosophical  Magazine.  The 
priority  of  the  invention  belongs,  however,  decidedly  to  Dr, 
Siemens. 

The  first  apparatus  of  the  kind  described  above  was  manu' 
factured  in  the  autumn  of  1866,  in  the  works  of  Messrs.  Siemens 
and  Halske,  and  at  the  beginning  of  December  of  the  year 
mentioned  was  shown  in  action  to  many  scientific  men  of  thia 
country.  In  the  first  days  of  the  year  1867  Dr.  Siemens  sent 
the  above  cited  paper  to  the  Academy  of  Sciences  of  this  town, 
and  it  was  brought  forward  for  reading  at  their  meeting  of  the 
17th  January.  At  the  end  of  January  0.  "William  Siemens  gave 
notice  in  London  at  the  instance  of  his  brother  of  a  paper  on 
the  new  discovery  to  the  Royal  Society  of  that  place  for  the  meet- 
ing of  the  14th  February,  and  somewhat  later  Professor  Wheats 
stone  announced  a  communication  on  the  same  subject  for  the 
same  sitting,  in  which  both  were  then  delivered.  Wheatstone's 
communication  was  essentially  similar  to  Siemens'.  On  the  14th 
March  Ladd  came  before  the  Boyal  Society  with  his  claims,  when 
he  declared  that  already  in  1864  he  had  got  the  idea,  or  that 
rather  at  that  time  his  assistant  had  communicated  this  idea  to 
him,  but  that  for  want  of  time  he  had  not  followed  up  the  subject, 
until  the  publication  of  the  work  of  Siemens  and  Wheatstone  had 
again  drawn  his  attention  to  it. 

Ladd,  on  the  contrary,  gained  an  advantage  as  he  succeeded  in 
getting  ready  a  large  machine  on  this  principle  for  the  Paria 
Exhibition  of  1867.  A  powerful  machine  prepared  in  Siemens' 
workshops,  to  be  worked  by  means  of  a  steam  engine,  of  the 
wonderful  performances  of  which  for  the  melting  of  thick  iron  and 
platinum  wires,  producing  arc  lights,  &c.,  the  writer  of  this  waa 
often  a  witness,  was  not  completed  in  time  for  the  Exhibition.* 

*  This  paper  is  so  far  to  be  corrected  that  the  great  machine  referred  to  was 
indeed  got  ready  for  the  Paris  Exhibition  of  1867,  but  as  it  was  exhibited  in 
the  division  for  delicate  mechanisms,  in  which  no  power  transmission  for  work* 
ing  it  was  at  disposal,  it  remained  almost  unnoticed. 
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SIEMENS  AND  HALSKE'S  LARGE  DYNAMO-ELECTRIC 

APPARATUS* 

The  apparatus  shown  in  Fig.  118,  in  one-eighth  of  its  natural 
size  has  a  toothed  wheel  R,  to  the  axle  of  which  a  paliey  S  is  fixed. 
By  this  pulley  the  machine  is  set  in  motion  by  means  of  a  driving 
belt  T.  On  both  sides  the  wheel  R  gears  into  the  pinions  r  and  r' 
(/  is  concealed  in  the  figure)  of  the  armatures  A  A'  and  com- 
municates to  these  a  five-fold  velocity.  At  both  ends  of  the 
armatures  A  A'  are  placed  the  commutators  C  C  and  C*  C", 
which  serve  to  change  the  alternating  currents  of  the  armature 
into  direct  currents.  The  middle  portions  of  the  armatures  A  A' 
lie  between  the  poles  P  P'  and  P*  F"  of  the  bar  electro-magnets 
E  E'  and  E"  E"',  the  windings  of  which  are  so  connected  together 
that  by  the  passage  of  the  electric  current,  opposite  magnetic  poles 
are  formed  at  their  ends,  and  in  such  a  way  that  for  example  the 
poles  P  P  P  and  P"'  P'"  P'"  have  south  magnetism,  and  the  poles 
F  P'  P'  and  F'  P"  P"  north  magnetism.  K  K"  K'"  are  terminals 
which  allow  of  the  connection  of  the  commutators  to  the  magnet 
limbs.  By  means  of  the  conmiutator  U  the  most  varied  combina- 
tions of  the  electro-magnets  and  armatures  can  be  effected.  It 
consists  of  iron  cups  filled  with  mercury,  which  by  means  of  a 
wooden  cover  from  which  metal  pins  project  downwards  into  the 
mercury  cups,  are  brought  into  conductive  connection  as  desired. 
The  terminals  I.,  IL,  III.,  lY.  are  the  end  or  pole  terminals  of 
the  apparatus.  According  to  the  connections  of  the  commutator 
U  the  conducting  wires  are  screwed  in  any  two  of  these  terminals. 
F  is  a  strong  oaken  plank,  to  wliich  the  frame  0  of  the  apparatus 
is  firmly  screwed  by  means  of  bolts  and  nuts. 

The  complete  apparatus  weighs  about  20  cwt.  The  total  weight 
of  the  insulated  copper  wire  on  armatures  and  magnets  is  415  lbs. 
An  armature  with  wire  (diameter  2J"")  weighs  60  lbs.,  a  magnet 
with  wire  (diameter  8"*"*)  120  lbs. ;  the  weight  of  the  wire  alone 
amounts  for  one  armature  to  25  lbs.,  for  one  magnet  59  lbs. 
An  armature  has  about  200  windings  of  0*65  Siemens*  unit 
resistance,   a  magnet    about    400  windings  of   0*30    Siemens* 

♦  1867. 
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unit  resistance.    The  total  resiBtance  of  the  wires  of  the  whole 
machine  amounts  to  ahoat  four  Siemens'  units. 
The  usual  connection  of  the  apparatus  is  one  in  which  one 


armature  A  magnetizes  the  magnets,  whilst  the  other  A'  supplies 
the  current  for  the  line. 

The  dynamic  aa  well  rta  the  light  effects  are  quite  in  keepiug  with 
the  size  of  the  machine.  The  electrolysis  of  water  gave  10  cuhio 
centimetres  of  gaa  per  second.  The  electric  light  was  exceedingly 
intense,  and  quite  blinding  even  by  daylight. 
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SIEMENS  AND  HALSKE'S  ALCOHOL  METER.* 

The  apparatus  shown  in  Figs.  119  and  120  is  designed  to 
fihow  in  the  customary  measure  of  the  country,  in  the  first  place, 
how  much  spirit  has  passed  through  since  the  previous  observation, 
find  secondly,  how  much  absolute  alcohol  this  contained. 

The  apparatus  has,  therefore,  a  double  object.  The  first,  the 
measurement  and  registration  of  the  quantity  of  liquid  passed 
through  is  effected  in  the  following  manner  : — 

The  spirit  flows  from  the  tube  iy  Fig.  119,  into  the  inner 
cylindrical  space  D  of  a  measuring  drum  B,  having  three  com- 
partments formed  of  tinned  copper  plate,  which  turns  about 
its  axis.  The  inlet  tube  ends  in  a  vessel  open  below,  surround* 
ing  the  axis  of  the  drum  in  a  ring  shape,  but  not  touching  it, 
which  is  so  fixed  and  arranged  that  it  does  not  keep  the  drum 
back  by  friction,  and  maintains  the  level  of  the  liquid  in  the 
cylinder  D  at  rest. 

The  three  compartments  I.,  II.,  III.  are  formed  by  radial  par- 
tition walls,  and  contain  each  an  exact  quantity  of  liquid,  for 
instance,  four  Prussian  quarts.  They  are  connected  with  the 
cylindrical  space  D  by  means  of  three  small  slits  r^,  r',  r*,  parallel  to 
the  axis.  They  open  outwards  by  means  of  three  shallow  channels, 
which  end  in  similar  slits  «^  ^,  ^. 

The  three  little  tubes  p^^j^^jf^  serve  for  removing  the  air  from 
the  compartments  as  they  fill.  As  they  are  always  above  the  level 
in  D,  no  spirit  can  flow  out  of  them. 

In  the  position  shown  in  the  figure,  spirit  flows  through  the 
slit  r^  into  the  compartment  I.  As  the  middle  of  this  compart- 
ment lies  almost  under  the  axis  of  revolution  of  the  drum,  it  is 
scarcely  rotated  by  the  gradual  filling  of  the  compartment. 
Towards  the  end  of  the  filling,  when  the  slit  r^  is  no  longer  able 
to  carry  away  the  spirit  streaming  in,  the  level  rises  in  the  cylinder 
D.  Shortly  after  the  last  bubble  of  air  disappears  through  the 
tube  y — compartment  I.  is,  therefore,  quite  fiill — it  reaches  the 
supply  slit  r*  of  the  next  compartment.  The  spirit  now  flows 
into    this   and   so    causes  a  lateral  preponderance,  by  means 

•  Dingler'8  Polyt.  Journal,  VoL  187,  p.  296.    1867. 
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of  which  a  rotation  of  the  dram  in  the  direction  of  the  lurow 
takes  place.  By  this  rotation  the  slit  H  and  with  it  the  level  of  the 
cylinder  D  sinks,  the  inflow  slit  r'  of  the  fiill  compartment,  on  the 
other  hand,  rises,  and  is  thus  raised  above  the  level  in  D,  When 
the  emptying  of  the  fitll  compartment  I.  begins,  throngh  the  outflow 
channel  «'  sinking  down,  only  air  can  come  in  throngh  r'  in  place 
of  the  ontflowing  spirit,  and  all  the  spirit  entering  into  D  during 
the  emptying  of  compartment  I.  must  flow  into  the  next  com* 
partment  II.    The  measurement  is,  therefore,  quite  independent 

Fig.  118. 


of  the  velocity  with  which  the  spirit  runs  in,  as  well  as  of  the 
amount  of  friction  io  the  axle  bearings. 

In  consequence  of  the  outflow  through  s,  the  weight  on  the 
opposite  side  of  the  drum  is  reduced,  and  the  turning  thereby 
accelerated.  The  emptying  of  the  full  compartment  therefore 
takes  place,  when  it  has  once  begun,  quickly  and  strongly.  It 
brings  the  following  compartment  II.  into  the  place  of  the  firsl, 
and  the  same  action  begins  again. 

The  function  of  the  drum  corresponds  accordingly  to  a  repeated 
separate  filling  and  emptyiug  of  a  wide  measuring-flask  with  a 
narrow  neck.  The  strong,  sudden  motion  of  the  dmm  can  be 
used  without  detriment  to  the  exact  measurement  for  work,  such 
as  overoomiug  friction  end  driving  counters. 

A  counter  on  die  front  ride  of  the  apparatus  is  moved  by  gear 
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fixed  to  the  axle  of  the  dmm,  and  connts  directly  the  quantity  of 
spirit  passed  throngh  in  nnits  of  the  measure  chosen. 

The  second  object  of  the  apparatus,  the  measurement  and  regis- 
tration of  the  quantity  of  absolute  alcohol,  which  is  contained  in 
the  spirit  passing  through  the  apparatus,  is  solved,  by  the  motion 
of  a  second  counter  driven  by  the  drum,  being  so  limited  in  each 
case  by  the  position  of  a  properly  constructed  alcohol-meter, 
that  it  gives  this  quantity  directly. 

The  alcohol-meter,  Fig.  120,  consists  of  a  body  P,  of  a  form 


Fig.  120. 


to  be  described  later,  which  is  suspended  from  a  spring  Q,  and 
surrounded  by  the  spirit  passing  through  the  apparatus. 

This  loses  by  immersion  more  or  less  weight,  according  as  there 
is  in  the  vessel  A,  in  which  it  plays,  spirit  containing  more  or  less 
alcohol,  the  spring  Q,  therefore,  becomes  bent  to  a  different  degree, 
and  in  consequence  assumes  a  higher  or  lower  position.  This 
motion  is  communicated  through  the  bar  r  and  the  lever  T  to  the 
pointer  S^  turning  around  the  axis  ^,  so  that  the  point  x  indi- 
cates by  its  higher  or  lower  position  a  stronger  or  weaker  spirit  in 
the  vessel  A. 

On  the  axis  of  the  drum  there  is  fixed,  beside  the  gear  which 
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drives  the  spirit-ooanter,  the  round  disc  M.  This  has  three  deep 
notches,  into  one  of  which  the  lever  H  falls,  which  moves  around 
the  pivot  m,  and  bears  on  the  disc  by  means  of  the  roller  v^  when 
the  dmm,  by  emptying  one  compartment,  tnms  through  120'', 
only,  however,  to  be  raised  again  at  once  to  its  original  height 
by  the  next  part  of  the  disc  M,  which  is  left  projecting.  On 
this  rising  motion  the  lever  takes  with  it  the  finely-toothed 
wheel  R,  by  means  of  one  of  the  six  pawls  w^  fixed  to  it,  which 
together  with  the  gear  Ic  fixed  to  it,  is  pushed  loose  on  to  the 
axle  of  the  lever  H.  This  gear  transfers  the  rotation  of  the 
wheel  R  in  the  same  way  to  the  counter  M.  On  the  lever  H 
falling  again,  the  wheel  R  is  protected  from  back-lash  by  a 
second  system  of  pawls,  which  are  fixed  behind  the  spirit- 
counter. 

Evidently  the  wheel  R  turns  the  more  the  greater  the  height  to 
which  the  lever  H  is  raised,  t.«.,  the  deeper  it  falls  into  the  notch 
of  the  disc  M.  The  consequence  of  this  is  that  the  counter  N 
counts  in  the  same  proportion.  The  depth  of  this  fidling  in  is, 
however,  limited  each  time  by  striking  the  curve  X  firmly  con- 
nected with  the  lever  H  on  the  previously  mentioned  end  x  of 
the  alcohol-meter^s  pointer. 

By  a  suitable  form  for  the  curve  X  one  can,  therefore,  impart  to 
the  alcohol-counter  such  a  turning  dependent  on  the  position  of 
the  pointer  x,  consequently  on  the  specific  gravity  of  the  liquid 
flowing  through,  that  the  readings  of  this  counter  correspond 
exactly  with  the  percentage  of  absolute  alcohol.  For  this  purpose 
the  curve  X  must  be  so  constructed,  that  with  a  determined  posi- 
tion of  the  pointer  x,  therefore,  with  a  determined  strength  of  the 
spirit  flowing  through,  the  counter  N  each  time  is  pushed  forward 
exactly  as  much,  as  there  was  absolute  alcohol  in  the  spirit  of  the 
compartment. 

In  order  to  obtain  this  it  is  necessary  that  the  alcohol-meter 
should  indicate  at  each  instant  the  actual  mean  specific  gravity  of 
the  spirit  passing  through.  If  the  spirit  were  led  through  the 
vessel  A  by  the  help  of  simple  in-and-out  fiow-tubes,  it  would  be 
inevitable  that  with  altering  contents  layers  would  be  formed  of 
different  specific  gravity.  The  float  would  consequently  swim 
in  spirit  of  a  density  different  to  that  corresponding  to  the  spirit 
actually  flowing  through  the  drum.   To  remove  this  source  of  error 
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the  flow  of  the  spirit  must  be  so  legalated  that  it  mixes  in  a 
suitable  way  in  the  alcohol-meter  vessel. 

With  this  object  it  passes  first  into  the  lower  vessel  E  (Fig.  119), 
which  is  connected  by  means  of  two  tabes  with  the  vessel  A. 
The  one  ijb)  commences  at  the  bottom  of  the  little  vessel  E, 
and  ends  in  a  ring  d^  pierced  with  holes,  placed  in  the  upper  part 
of  the  vessel  A,  the  other  (a,  c)  begins  in  the  upper  part  of  E,  rises 
to  the  level  of  the  liquid  in  the  vessel  A,  and  discharges  in  a 
similar  way  at  c  near  the  bottom  of  the  vessel.  Hence  it  follows 
that  the  poorer,  and  therefore  heavier  spirit,  arriving  in  E,  is  led 
through  the  tube  &,  opening  into  the  upper  portion  of  the  vessel  A, 
the  lighter,  on  the  other  hand,  through  the  tube  a,  c,  into  the 
lower  part.  As  in  this  way  the  heavier  liquid  always  enters 
above,  the  Ughter  always  below  the  float,  a  continual  mixture  of 
tlie  newly  arriving  spirit  with  that  aheady  in  the  vessel  takes 
place. 

The  discharge  from  the  drum  takes  place  through  the  tubes 
/,^,A,»,Fig.ll9. 

The  apparatus  as  above  described  would  only  register  the  amount 
of  alcohol  correctly,  if  the  temperature  of  the  spirit  passing 
through  were  constant,  and  at  the  usual  normal  temperature  for 
alcohol  measurement,  viz.  12^  £•  To  make  the  readings  correct 
for  other  and  varying  temperatures,  a  correction  must  be  applied, 
making  the  position  of  the  pointer  x  (Fig.  120)  independent  of 
the  temperature  of  the  spirit  passing  through.  This  is  done  by 
making  the  float  P  of  thin  sheet-metal,  and  filling  it  with  alcohol 
perfectly  free  from  air.  As  the  float  has  a  shape  which  allows  the 
unimpeded  expansion  of  the  enclosed  liquid,  it  undergoes  in  the 
mean  the  same  altemtions  of  volume  as  the  surrounding  spirit,  with 
alterations  of  temperature  ;  its  position  and  that  of  the  pointer  x 
is,  therefoi*e,  independent  of  its  temperature.  With  a  proper 
choice  of  the  co-efiicient  of  expansion  of  the  filling  liquid  it  is 
possible,  by  means  of  corresponding  over  compensation  for  tempera- 
ture, to  correct  the  indications  of  the  alcohol  counter,  which 
otherwise  would  vary  with  the  altered  temperatures. 

The  apparatus  thus  avoids  a  not  inconsiderable  fault  in  alcohol 
determination,  which  has  been  neglected  hitherto  in  practice* 
This  consists  in  using  later,  for  the  basis  of  the  alcohol  deter- 
mination, a  volume  which  has  been  measured  at  a  temperature 
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different  from  the  normal,  and,  therefore,  incorrect.    The  amonnt 
of  this  error  is  seen  in  the  following  example  : — 

Assuming,  that,  at  a  temperature  of  5*"  0,  a  volume  of  spirit  of 
100  quarts  is  measured,  this  volume  would  increase  by  a  rise  to 
the  normal  temperature  (15*  '5  C)  by  0*01,  therefore,  to  101  quarts. 
Now,  if  after  application  of  the  correction  for  temperature  there 
was  found  by  the  alcohol-meter  for  this  observation  80  per  cent, 
of  alcohol,  this  corresponded  to  80  quarts  of  alcohol  according  to 
measurements  hitherto  made.  But  there  are  actually  contained 
80/  100  X  101,  therefore  80*8  quarts,  as  measured  at  the  normal 
temperature.  The  apparatus  avoids  this  fault,  as  already  men- 
tioned, by  an  over  compensation  for  temperature,  which  is  to 
be  taken  into  account  when  the  reading  of  the  same  is  compared 
with  a  standard. 

Finally,  it  is  to  be  remarked  that  by  the  play  of  the  pointer  x, 
Fig.  120,  on  the  scale  X  of  the  curve,  it  can  always  be  discovered 
whether  the  alcohol-meter  is  working  properly.    In  order,  never- 
theless, for  this  purpose  not  to  have  always  to  fill  the  alcohol- 
meter  vessel  with  spirit  of  known  content  and  determined  tempera- 
ture, carefully  compared  weights  are  added  to  the  apparatus,  which 
correspond  to  the  weight  of  the  float  in  spirit  of  different  strengths. 
These  are,  after  removal  of  the  body,  hung  instead  of  it  to  the 
spring  at  0  (in  pairs  on  both  sides),  and  must  then  put  the  pointer 
x  exactly  to  the  corresponding  mark  of  the  scale  of  the  curve.    If 
differences  should  occur  in  this,  these  can  be  easily  corrected  by  a 
correction  of  the  spring  by  turning  the  screws  I  and  u,  and  the 
agreement  of  the  scale  with  the  percentage  content  of  the  weights 
in  question  thereby  arranged.    The  screws  I  correct  the  spring  in 
its  direction  fa  turning  of  the  nut  n,  which  can  take  place  after 
loosening  the  clamp  screw  jc?,  alters  the  length  of  the  spring.    By 
a  corresponding  turning  of  the  double  nut  u,  to  which  the  body 
P  hangs  on  a  knife-edge,  this  must  nevertheless  always  be 
brought  again  into  the  original  position  at  the  lever  end. 

Apparatus  of  this  kind  have  served  for  a  long  time  past,  under 
the  control  of  the  taxing  authorities,  in  several  countries  for  the 
continuous  determination  of  the  alcohol  production  of  the  dis- 
tilleries. It  has  been  found  that  the  readings  of  the  apparatus 
are  thoroughly  reliable,  safer,  and  as  exact  as  the  closest  direct 
determinations. 
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If  the  apparatus  is  to  serve  as  the  basis  of  the  excise  duty 
to  be  paid  by  the  makers,  then  naturally  special  rules  for  safety 
must  be  made,  which  make  any  intentional  disturbance  of  the 
apparatus  impossible.  If  this  is  effected  in  the  proper  way,  then 
a  reading  of  the  alcohol-meter  at  the  beginning  and  ending  of 
each  brewing  serves  to  show  the  exact  amount  of  the  object  for 
taxation.  These  data  are  controlled  by  the  spirit  counter,  which 
having  regard  to  the  mean  strength  of  the  spirits  made,  deter- 
mined by  frequent  comparisons  of  the  readings  of  the  two 
counters,  must  give  nearly  the  same  amount  of  alcohol  as  the 
alcohol-counter. 

If  control  is  also  to  be  kept  of  the  time  the  distilling  apparatus 
is  in  action  during  the  distillation,  and  at  what  rate  it  has  each 
time  worked,  then  the  control  apparatus  is  combined  with  a 
clockwork,  which  makes  a  mark  on  a  continuously  moving  paper 
strip  at  the  end  of  each  hour  and  another  at  the  completion  of 
each  revolution  of  the  drum.  The  clockwork  must  be  wound  up 
once  in  the  course  of  each  month. 

If,  on  the  other  hand,  it  is  considered  sufficient  that  only  the 
volume  of  the  manufactured  spirit  should  be  exactly  registered, 
and  a  measured  proof  test  of  each  drum  partition  filling  be  retained 
to  determine  afterwards  the  average  strength  of  the  same,  then 
the  three-partition  barrel  described,  with  step  motion,  is  provided 
with  a  proper  proof-taking  arrangement,  and  forms  with  this,  leav- 
ing out  the  alcohol-meter  and  the  counter  for  alcohol  registration, 
an  equally  certain  and  much  simpler  control  apparatus  for  the  excise 
duty.  In  comparison  with  the  above  described  alcohol-meter, 
however,  it  has  the  fault,  that  first  the  control  of  the  reading  of 
the  apparatus  is  wanting,  that  further,  the  final  fixing  of  the 
amount  to  be  taxed  is  dependent  on  the  official  entrusted  with  the 
determination  of  the  strength  of  the  proof  test,  and  that  finally 
the  determination  of  the  alcohol  itself  is  less  exact,  as  the  faults 
which  are  caused  by  varying  temperatures,  and  by  the  contraction 
consequent  upon  the  mixing  of  proof  tests  of  different  strengths, 
cannot  be  compensated.  Whilst  the  alcohol-meter  gives  the  alcohol 
passing  through  exact  within  O'l  per  cent.,  one  must  be  satisfied 
with  an  exactness  of  \  per  cent,  with  the  spirit-meter  and  taking 
proof  tests. 

The  simplicity  of  the  three  division  measuring-drum  described, 
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and  the  great  exactness  with  which  it  registeis  the  volume  of 
liquid  passing  through,  has  already  procured  its  application  for 
other  technical  purposes,  as  for  instance,  the  measurement  of 
the  volume  of  vessels — such  as  milk-measures,  beer-measures,  &c.t 
which  are  to  be  accurately  gauged. 


MEMOIR  REGAEDING  THE  DIRECT  INDO- 
EUROPEAN  TELEGRAPH  LINE .♦ 

1.  Omeral  View. 

One  of  the  most  important  problems  of  the  present  day  of  the 
widest  mercantile  and  political  consequence  is  the  safe  and  quick 
telegraphic  connection  of  Europe  and  India.  If  we  consider  India, 
with  its  immense  population  and  its  increasing  production,  in  itself 
already  one  of  the  most  important  trading  districts  of  the  world,  at 
the  same  time  as  half-way  house  for  the  European  intercouiBe  with 
China,  Japan,f  Australia,  and  all  Polynesia — an  intercourse  which 
will  assume  enormous  dimensions — the  necessity  of  telegraphic 
connection,  secure  in  all  eventualities,  is  self-eminent,  especially 
since  the  great  problem  of  telegraphic  connection  with  America 
has  been  solved  so  brilliantly  and  with  such  extremely  favourable 
financial  results. 

The  trade  of  Europe  with  India,  and  the  countries  further  off, 
is  of  much  greater  importance  for  Europe  than  that  with  America. 
This  applies  in  a  still  higher  degree  to  telegraphic  intercourse.  The 
advantage  which  this  offers  to  the  corresponding  public,  is  propor- 
tional to  the  time  which  is  saved  by  a  telegraphic  communication  in 
comparison  with  one  by  letter.  As  now,  a  letter  from  London  to 
America  requires  on  the  average  only  about  eleven  days,  but  to 

*  Journal  of  the  Deutsch-Oesterr.  Telegraphen  VereiD,  Vol.  14,  p.  154. 

1867. 

t  China  has  about  450  million  inhabitants  on  an  area  of  60,000  to  70,000 
8()uare  miles  ;  Japan,  80  to  40  millions  on  7,000  square  miles  ;  British  India, 
1S6  millions  on  44,000  square  miles.  On  the  other  nand,  the  United  States  of 
America  have  only  about  82  million  inhabitants  on  183,000  square  milem 
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Calcutta  thirty  days,  the  proportionally  much  greater  advantage 
of  a  telegraph  message  to  Calcatta  in  comparison  with  one  to 
New  York  follows  from  this  great  saving  in  time.  Since  the  tele- 
graphic connection  with  America  is  in  snch  good  condition,  that 
sparred  on  by  its  brilliant  economical  results,  already  competing 
lines  are  in  prospect,  by  which  the  hitherto  excessively  high  rates 
will  probably  experience  a  considerable  redaction  ;  since  then  the 
importance  of  the  direct  Indo-European  telegraph  has,  moreover, 
considerably  increased,  becanse  in  future  it  will  also  accommodate 
the  important  message  business  of  America  with  East  Asia  and 
Australia.  If  the  despatch  of  messages  is  sure,  quick,  and  not 
disproportionately  costly,  it  will  take  possession  not  only  of  busi- 
ness, but  also  of  private  and  political  communications  in  a  yet 
higher  degree  than  is  the  case  with  other  shorter,  and  therefore 
less  time-saving  lines.  Hardly  any  important  commercial  busi- 
ness can  be  accomplished  without  telegraphic  explanation,  for  the 
telegraphic  correspondent  is  always  some  months  in  advance  of  the 
correspondent  by  letter  with  a  simple  offer  and  acceptance.  Safe 
Indo-European  telegraphy  will,  however,  not  only  bring  great 
advantage  to  already  existing  business,  but  also  contribute  very 
much  to  its  quicker  development. 

2.  Insvfficient  service  of  existing  lifies. 

The  great  importance  of  this  telegraph  communication,  especially 
for  England,  has  naturally  already  occasioned  many  efforts  to  call 
it  into  existence.  As  the  way  by  land  through  Western  Asia  did 
not  appear  practicable,  the  English  Government  gave  a  subsidy  of 
5  per  cent,  to  a  private  company  in  1856  for  a  cable  communication 
to  India  through  the  Bed  and  Indian  Seas.  As,  however,  the  art 
of  manufacturing  trustworthy  submarine  cables  at  that  time  was 
only  slightly  developed,  and  the  shallow  and  warm  Bed  Sea,  rich 
in  coral,  is  highly  unfavourable  for  laying  cables  well  and  for  their 
maintenance,  the  line  had  already  become  useless  before  it  was 
quite  completed  throughout  its  entire  length. 

The  English  Government,  after  this  unfortunate  costly  experi- 
ment, abandoned  the  way  by  sea  and  sought  an  overland  route 
through  European  Turkey  and  Asia  Minor  to  the  Persian  Gulf  and 
thence  to  India.    In  the  year  1862  they  laid,  at  their  own  cost,  a 
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cable  through  the  whole  length  of  the  Persian  Gulf  and  through 
the  Indian  Ocean  to  Eurrachee,  concluded  contracts  with  Turkey 
and  Persia,  and  supported  these  States  in  the  most  effective  manner 
in  the  formation  of  land  lines  from  the  landing  points  of  the  cable 
to  Constantinople  and  Teheran.  In  this  way  the  English  Govern- 
ment hoped  to  call  into  existence  two  competing  telegraph 
communications  between  their  cable  and  Europe :  by  Constanti- 
nople through  southern  and  western  Europe,  and  by  the  northern 
route  through  Russia  and  Prussia.  These  two  connections  have, 
in  fact,  already  existed  for  some  years,  but  they  have  not  yet 
satisfied  tbe  existing  need,  and  on  the  contrary  have  called  forth 
endless  complaints  from  the  trading  class,  on  the  bad  forwarding 
of  messages.  These  take  a  long  time,  often  weeks,  on  their  way, 
and  then  often  arrive  so  mutilated  and  falsified,  that  they  are  quite 
vfdueless  to  the  receiver.  A  committee  of  enquiry  appointed  by 
the  English  Government  for  examining  into  the  defective  com- 
munication with  India  has  thrown  light  on  the  causes  of  this 
unsatisfactory  despatch  of  messages.  They  arise  on  both  routes, 
because  messages  must  pass  repeatedly  irom  the  hands  of  one 
telegraph  management  into  those  of  another,  and  even  in  the  same 
country,  frequently  from  one  line  to  another.  In  consequence 
of  which,  the  messages  in  their  long  course  are  frequently  inter- 
rupted, and  the  telegraphists,  who  are  either  not -at  all  or  only 
partially  acquainted  with  the  English  language,  heap  error  on  error 
by  the  repeated  telegraphing.  Add  to  this  that  by  the  northern 
route,  in  the  Caucasus,  which  is  traversed  by  the  line,  great  climatic 
and  physical  difficulties  often  cause  long  unavoidable  stoppages 
during  the  winter,  and  interfere  with  the  work,  and  further, 
that  the  Persian  line  from  the  Russian  frontier  to  Teheran,  wheie 
the  line  constructed  and  administered  by  England  begins,  is  very 
defectively  made  and  worked.  On  the  southern  line,  through 
European  Turkey,  Asia  Minor,  and  Mesopotamia,  there  are,  besides 
climatic  and  physical  difficulties,  considerable  difficulties  of  a 
political  and  national  character,  which  make  regular  and  safe  tele- 
graphy through  those  parts  impossible.  According  to  the  evidence 
of  English  telegraph  officials  well  experienced  in  Turkish  lines 
before  the  above-mentioned  parliamentary  committee,  the  oriental 
servants  of  that  place  fail  in  the  trustworthiness  and  conscien- 
tiousness which  are  absolutely  necessary  in  a  telegraph  servant. 
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WatchmeD  and  line  inspectors  do  not  do  their  duty  and  do  not 
qaickly  reinstate  the  lines  injared  by  accident  or  intention,  with- 
out first  being  impelled  to  it.  All  travellers  in  the  East  know  the 
fatalist  aversion  of  the  higher  and  lower  Orientals  to  hurry,  and 
their  susceptibility  to  ''Bukshish'*  as  well  as  the  enteness  of 
Asiatic  Greeks  ;  ethical  peculiarities  which  are  directly  opposed  to 
European  claims  to  exact  performance  of  duty.  Then  the  finan- 
cial usages!  The  telegraphists  do  not  get  their  salaries  paid 
regularly,  and  therefore  attend  to  the  apparatus  irregularly  and 
incompletely,  and  are  easily  induced  to  misuse  their  official  position. 
If  there  be  added  to  this,  the  vacillating  state  relations  of  the 
Turkish  Empire  generally,  and  especially  in  the  Euphrates  dis- 
trict, which  cannot  be  avoided,  the  insubordination  of  warlike 
tribes  hitherto  independent  and  unsubdued,  it  is  clear  that 
in  England,  the  Government  and  public  have  come  to  the  con- 
clusion that  a  safe  telegraph  communication  by  this  southern  way 
is  not  to  be  reckoned  on. 

3.  European  interests  and  concessions  for  i?ie  direct  Indo- 
European  Line. 

This  conclusion  induced  the  English  Government  again  to  seek 
a  safe  connection  with  India  by  the  northern  route,  through  North 
Germany  and  Russia.  At  its  suggestion  and  with  English  co« 
operation,  the  Prussian  and  Russian  governments  have  respectively 
bound  themselves  by  a  special  treaty,  to  put  up  a  direct, 
independent,  solidly  constructed  line,  with  at  least  two  wires 
between  London  and  Teheran,  which  should  serve  exclusively  for 
Indo-European  correspondence,  to  avoid  the  Caucacus  by  a  short 
submarine  line,  and  to  be  throughout  uniformly  organized. 

On  the  basis  of  this  agreement,  Prussia  and  Russia  have  already 
granted  to  the  firms  of  Siemens  &  Halske  in  Berlin  and  St. 
Petersburg,  and  Siemens  Brothers  in  London,  a  concession  last- 
ing for  twenty-five  years,  for  the  erection  and  maintenance  of  a 
direct  line  between  London  and  Teheran.  A  similar  concession 
on  the  part  of  the  Persian  government  for  the  tract  from  the 
Russian- Asiatic  boundary  to  Teheran  has,  according  to  telegraphic 
information,  just  been  granted.  Prussia  and  Russia  raise  a 
moderate  tax  on  the  through  messages,  while,  on  the  contrary, 
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Pereia  imposes  on  the  undertakers  only  the  daty  to  fix  and  main- 
tain a  special  wire  on  the  posts  of  the  new  line  for  its  internal 
business.  The  English  Government  has  promised  the  undertakers 
their  fullest  support,  and  has  engaged  with  the  Prussian  and 
Russian  governments  to  maintain  the  line  from  Teheran  to  India 
as  well  as  the  lines  of  telegraph  in  India  itself,  in  the  same  degree 
of  perfection  as  the  new  line  from  London  to  Teheran  is  to  be 
kept,  and  to  co-operate  for  the  united  organization  of  the  technical 
service  along  the  whole  line  from  London  to  India. 

4.  The  route. 

According  to  the  treaties  with  the  governments  named,  the  line 
is  to  go  from  London  to  Emden,  Berlin,  Warsaw,  Odessa,  by  the 
Crimea,  through  the  Black  Sea  to  the  Abasian  coast,  through  Tiflis, 
Djulfa  (on  the  Persian  frontier)  and  Tabris  to  Teheran. 

According  to  contracts  with  the  Electric  Company  in  London 
and  Seuter*s  telegraph  company,  the  business  and  interest  of  the 
undertaking  on  the  tract  from  London  to  Emden  is  secured,  with- 
out imposing  on  it  the  obligation  of  the  immediate  laying  of  a 
special  North  Sea  cable.  In  North  Germany,  the  Federal  govern- 
ment is  to  build  the  lines  intended  for  the  exclusive  use  of  the 
Indo-European  telegraph  line  at  its  own  cost,  whilst  the  con- 
tractors have  to  erect  the  lines  through  Russia,  Pontus,  and  Persia, 
on  whom  also  is  imposed  the  establishment  and  maintenance  of  the 
station  apparatus  as  well  as  the  forwarding  service  on  the  whole 
line  from  London  to  Teheran* 

5.  Secwrity  of  the  line  against  climatic  and  malicious 

disturbances, 

Persia  is  to  be  considered  as  a  perfectly  safe  land  in  its  western 
portion  which  here  comes  into  consideration.  As  stated  in  the 
above-mentioned  report  of  the  parliamentary  committee,  the  line 
from  Teheran  to  Buschir  has  during  its  many  years'  existence 
never  been  disturbed  maliciously,  and  the  connection  between 
Teheran  and  India  works  regularly  and  to  the  fullest  satisfaction. 
As  little  has  any  malicious  disturbance  of  the  line  from  the 
Russian  frontier  to  Teheran  occurred  during  its  existence.    If  the 
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Caacasus,  as  proposed,  is  avoided  by  a  submarine  cable  laid  along 
the  coast,  the  whole  stretch  from  London  to  India  along  this  route 
offers  no  natural  or  ethical  hindrance  which  would  prevent 
the  safe  service  of  the  line.  Along  the  whole  land  route,  telegraph 
lines  have  already  existed  for  years  in  good  working  order,  which 
in  Russia  have  been  built  to  a  great  extent  by  Siemens  &  Halske^ 
and  during  a  period  of  12  years,  have  been  maintained  by  them. 

The  submarine  cable  from  the  Crimea  to  the  Asiatic  coast,  pro- 
posed to  avoid  the  Caucasus  range  of  mountains,  is  not  so  long  as 
to  be  able  to  interfere  materially  with  the  speed  of  signalling.  As 
it  is  a  coast  line,  and  therefore  can  at  all  times  be  taken  up  and 
repaired,  it  does  not  materially  increase  the  risk  of  the  installation. 
If,  however,  it,  or  any  piece  of  the  land  line,  should  become 
unserviceable  for  a  time,  the  Bussian  and  North  German  state 
lines  are  bound  by  agreement  to  help  the  broken  section,  and  thus 
the  service  is  secured  even  in  such  a  case,  which  with  long  tele- 
graph communications  can  never  be  quite  avoided. 

6.  Profits  depending  on  increasing  commercial  intercourse^  on 
international  securiti/j  want  of  competition^  and  on  its  otvn 
performance. 

Notwithstanding  the  great  cost  of  construction  and  maintenance 
in  countries  which  have  no  modem  means  of  communication,  and 
where  in  part  the  beast  of  burthen  still  takes  the  place  of  the 
locomotive,  the  financial  success  of  the  line  is  to  be  considered  as 
certainly  secured.  Already,  with  the  present  slow  and  insecure 
dispatch  of  messages,  and  the  high  rate  of  £5  1^.  per  message  of 
20  words,  about  200  messages  pass  daily  between  England  and 
India,  a  number  already  sufficient  to  make  the  business  of  the  line 
.  safe.  A  circumstance  which  is  absolutely  proved  by  statistics,  is 
that  the  number  of  messages  increases  with  increasing  rapidity, 
cheapness  and  safety  of  the  dispatch  in  a  quickly  increasing  ratio. 
In  Prussia,  for  instance,  the  yearly  increase  in  the  number  of 
messages  amounts  on  an  average  of  the  last  six  years,  to  83  per 
cent.,  and  in  Russia  to  22  per  cent.  With  the  colossal  expansion 
of  commercial  intercourse  between  Europe  and  Asia  and  its  rapid 
further  development,  a  similar  increase  of  telegraphic  intercourse 
is  assured  for  a  long  series  of  years.    Under  these  circumstances, 
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in  calculating  the  profits  of  the  undertaking,  neither  the  namber 
of  messages  handed  in  for  dispatch  on  the  existing  incomplete  lines 
with  high  tariff  rates,  nor  the  immediately  existing  need,  can  be 
taken  as  a  standard,  bat  only  the  capacity  of  the  line  to  be  erected, 
due  accoant  being  taken  of  international  secnrity  and  the  actual 
or  prospective  competition  of  other  lines. 

A  comparison  with  the  Transatlantic  cable  may  also,  perhaps, 
serve  as  a  standard  for  this  estimate. 

Its  takings  amounted  on  credible  authority  in  the  first  half 
year  to  about  £291,000,  in  the  following  year  to  £480,000,  the 
dividend  to  about  twenty-five  per  cent.  But  the  English  com- 
mercial business  with  India,  the  Dutch  possessions,  China,  Japan 
and  Australia,  considerably  exceeds  the  total  amount  of  the 
American  trade. 

The  Exports  from  England  to  the  countries  mentioned  above, 
amounted  in  the  year  1865  to  £42,897,846. 

The  Imports  from  the  same  to  £68,117,856,  without  taking 
account  of  the  gold  trade  from  the  Australian  gold  diggings. 

The  shipping  amounted  in  the  same  year— 

From  England  to  India,  to      •        .        1,492,102  tons 
And  homewards  to       .        .        .    .        1,869,090  tons 

This  total  trade  of  800  million  thalers,  according  to  the 
communications  made  to  the  Parliamentary  Committee  by  great 
mercantile  firms  considered  as  experts,  is  only  partly  telegraphic  ; 
it  will  be  altogether  so,  as  owing  to  the  length  of  time  taken  in  the 
postal  service,  it  will  be  necessary  for  the  merchant  to  make  use 
of  the  telegraph,  when  this  means  is  at  the  disposal  of  his  com- 
petitors. 

But  the  cost  of  establishment  of  a  land  line  is  very  much  less 
than  that  of  a  submarine  line  of  less  working  capacity.  A  single 
core  submarine  line  costs  at  least  three  times  as  much,  and 
carries  at  the  most  only  one  sixth  as  much,  as  a  two-wire  land 
line. 

Further,  the  risk  connected  with  a  deep-sea  cable  is  mnch 
greater  than  with  an  overhead  line.  The  injury  to  such  a  one  can 
only  be  local,  whilst  the  injury  to  a  deep-sea  cable  is  almost  always 
followed  by  its  entire  uselessness  and  brings  with  it  the  loss  of 
capital. 
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If  these  circumstances  are  taken  into  consideration  : 

1.  Less  cost  of  constraction  and  less  risk  of  the  Indian  hne  in 

comparison  with  the  Transatlantic  ; 

2.  Greater  importance  of  the  Indian  business  than  of  the 

American  ; 
8.  Oreater  saving  of  time  by  the  use  of  the  telegraph  and 
consequently  greater  necessity  for  employing  it ; 

then,  with  the  known  receipts  of  the  American  cable,  there  is  no 
need  to  go  into  figures  in  calculating  the  profits  of  the  under- 
taking. 

The  usefulness  of  the  line  could  only  be  prejudiced  by  war.  *  But 
OS  Persia  is  altogether  under  the  influence  of  Bussia  and  England, 
and  as  the  peaceful  desire  prevails  in  both  states  to  re-open  the  old 
trade  route  through  Georgia  and  Persia  to  India,*  especially  as  the 
continual  political  risks  and  internal  unrest  with  which  Turkey 
is  visited,  no  longer  offers  sufficient  security  for  a  thoroagh&re 
for  English  commerce ;  so  only  a  war  between  England  and 
Russia  or  between  one  of  these  States  and  Prussia,  could  bring 
about  a  permanent  disturbance  of  the  business  of  the  line.  The 
possibility  of  such  an  event  cannot,  of  course,  be  denied ;  yet  the 
danger  arising  from  this  is  certainly  not  great  and  the  disturbance 
would  be  temporary,  for  the  private  rights  to  work  the  line  would 
come  into  force  again  as  soon  as  peace  was  re-established.  It  is 
further  questionable  whether  a  war  between  England  and  Russia 
would  stop  the  service  of  the  line  for  commercial  messages,  for  its 
continuance  is  in  the  interest  of  both  parties,  and  Prussia  has 
besides  a  ti'eaty  right  to  demand  of  Bussia  the  continuous  working 
of  the  line. 

The  line  will  also  be  fully  secured  against  future  competition. 

The  alliance  recently  proclaimed  with  great  noise  between 
France,  Austria,  Switzerland,  and  Turkey,  for  bringing  about 
a  better  irausmission  of  messages  between  England  and  India,  will 
not  alter  in  the  least  the  relations  hitherto  actually  existing. 
There  continues  the  many-handed  forwarding  through  the  French, 
Swiss,  Austrian,  and  Turkish  state  lines  with  all  their  previous 

*  We  mention  only  the  steamer  route  on  the  Phaais,  the  great  harbour 
buildiug[s  in  Poti,  the  railway  being  built  from  this  harbour  to  Tiflis,  as  well 
as  the  highway  also  in  hand  from  TiilU  to  Tabris. 
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iaoonveniences,  there  remains  above  all,  Turkish  conditions  and 
Turkish  population.  The  Berne  convention  would  only  obtain  an 
actual  advantage  for  the  contracting  states  if  the  establishment  of 
thedirectmtemational  private  line  between  London  and  Teheran  via 
North  Germany  and  Russia  were  thereby  prevented.  But  as  Russia 
and  Prussia  have  given  to  this  private  line  for  25  years  the  exclusive 
right  to  forward  all  messages  to  and  from  India  which  touch  their 
territory,  there  remains,  excepting  the  way  through  Asia  Minor, 
which  is  known  to  be  impracticable  for  a  competing  line,  only  the 
sea  way  through  the  Mediterranean  and  Bed  Seas,  which  has 
already  once  failed.  The  great  cost  and  the  low  eflSciency  of 
long  cable  lines  make  such  a  connection — putting  aside  the  risk  of 
the  capital  invested  in  the  line — impossible  in  case  the  land  line  in 
question  is  carried  out.  But  even  if  the  company  which  seeks  to 
bring  about  a  new  Anglo-Indian  submarine  line  through  the  Bed 
Sea  should  succeed  in  inducing  the  English  Oovernment  to 
absolutely  guarantee  a  dividend,  the  competition  of  this  line,  which 
would  not  be  direct  but  would  be  completed  via  Malta  through  the 
French  and  Italian  state  telegraph  lines,  would  be  of  little  weight. 
The  English  Government  has  meanwhile  to  give  the  perpetual 
subsidy  for  the  first  long-lost  Bed  Sea  line,  and  will  now  be  so 
much  the  less  inclined  to  repeat  the  experiment,  as  it  would  thereby 
compete  with  its  own  cable  in  the  Persian  Gulf. 

The  Indo-European  line  through  North  Germany,  Bussia  and 
Persia  is,  according  to  the  above,  not  threatened  by  any  actual 
competition  during  its  period  of  concession,  and  its  profits  will 
only  depend  on  its  efficiency. 

It  is  the  intention  to  construct  the  line  with  very  thick  iron 
wires,  without  consideration  of  the  important  increased  cost,  and  in 
great  part  with  iron  posts,  in  order  to  make  it  as  durable  as  pos- 
sible and  to  increase  its  efficiency.  With  the  help  of  the  Siemens' 
automatic  quick  writer  for  alternating  currents,  in  which  the 
messages  are  prepared  in  advance  either  in  type  or  in  the  form 
of  a  strip  of  paper  punched  with  holes,  and  then  forwarded 
mechanically,  a  single  line  of  wire  can  give  in  an  hour  over  a 
hundred  simple  messages  of  20  words  each. 

The  mechanical  telegraphing  of  messages  prepared  in  advance 
prevents  mistakes  through  faulty  sending  or  indistinct  handwriting 
of  the  telegraphist. 
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If  only  mechanical  Bignalling  is  carried  on  throughout  the  line, 
and  one  conductor  used  for  telegraphing  in  one  direction  and  the 
other  in  the  other,  the  so-called  translation  can  be  applied  with 
safety,  even  with  alternate  currents,  which  makes  it  possible  to 
forward  the  messages  direct  from  London  to  Teheran,  %,e.  with- 
out re-telegraphing,  so  that  the  time  taken  up  in  sending  the 
message  the  whole  distance  is  reduced  to  the  space  of  about  half  a 
minute. 

The  efficiency  of  the  projected  double  line  would  according  to  the 
above  be  equal  to  at  least  3,000  messages  daily ;  it  would  therefore, 
for  many  years  to  come«  be  able  to  satisfy  the  expected  active 
business  in  messages. 

For  carrying  out  the  undertaking,  Messrs.  Siemens  &  Halske  in 
Berlin,  and  Messrs.  Siemens  Brothers  in  London,  have  in  view  to 
start  an  Anglo-German  limited  company,  with  a  share  capital  of 
about  £400,000,  which  will  be  located  in  London,  whilst  the  tech- 
nical administration  will  have  its  seat  in  Berlin.  Of  this  capital 
however  only  4-5thB  will  be  subscribed,  as  the  Russian  and  Prussian 
concessions  oblige  the  undertakers  to  keep  l-5th  of  the  capital 
daring  the  whole  time  of  the  concession,  in  order  to  insure  the 
good  construction  and  maintenance  of  the  line. 


THE  AUTOMATIC  TELEGRAPH  SYSTEM,  INTENDED 
FOR  THE  INDO-EUROPEAN  LINE.* 

Already  in  the  infancy  of  the  electric  telegraph.  Professor 
Morse,  to  whom  the  merit  of  its  improvement  is  so  greatly  due, 
recognized  the  great  advantage  which  would  be  afforded  by  "auto- 
matic telegraphy,"  %,e.  the  forwarding  of  messages  prepared  in 
advance  in  a  purely  mechanical  way.  Vail  quoted  in  his  telegraph 
text-book,  (Philadelphia,  1845,)  two  different  plans  of  Morse  for 
attaining  this  end.  In  both  types  were  used,  which  included  the 
dots  and  dashes  of  the  Morse  alphabet  as  short  or  long  projections. 

*  Journal  of  the  Deutsch-Oesterr.  Telegraphen  Verein,  Vol.  14,  p.  187. 
1M7. 
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1'hese  types,  arranged  or  set  beforehand  as  the  messages,  were  intro- 
duoed  in  their  order  into  a  mechanism,  by  means  of  which  the  long 
and  short  projections  of  the  type  produced  short  and  long  line 
carrents  necessary  for  the  Morse  writing.  These  plans  of  Morse 
have  not  had  a  practical  result,  because  the  telegraph-art  at  that 
time  was  not  in  a  position  to  carry  them  ouc  in  a  practical 
manner. 

Bain  sought  in  1849  to  solve  the  problem  of  automatic  tele- 
graphy in  quite  another  way.  He  prepared  the  messages  before- 
liand  by  cutting  longer  or  shorter  rectangular  slits  in  a  paper  band 
by  means  of  suitable  stamping  nippers,  and  these  reproduced 
the  Morse  writing  electro-chemically,  when  they  were  drawn 
under  a  contact  spring  gliding  on  the  paper  strip. 

This  plan  also  had  no  practical  result,  because  the  preparation 
of  the  paper  band  was  so  tedious  and  troublesome,  and  because 
electro-chemical  telegraphs  have  not  been  proof  against  the  charg- 
ing phenomena  so  disturbing  especially  on  long  lines. 

In  1854, 1  sought  in  company  with  Halske  to  remove  the  defect 
of  Bain's  automatic  telegraph,  by  constructing  a  stamping  arrange- 
ment with  3  keys,  of  which  one  when  pressed  down  formed  a  single 
hole,  the  second  a  double  hole  in  the  paper  strip,  whilst  each  key  ou 
its  backward  stroke  carried  forward  the  paper  strip  by  the  necessary 
length.  The  third  key  worked  no  stamp  but  served  to  bring  about 
the  necessary  intervals  between  letters  and  words.  Instead  of  an 
electro-chemical  receiver  an  electro-magnetic  one  was  used,  which 
was  made  to  work  more  quickly  by  constructing  the  electro-magnet 
cores  of  slit  iron  tubes,  and  by  substituting  attraction  between 
magnet  and  magnet  for  that  between  magnet  and  armature. 

This  system  was  arranged  on  the  telegraph  line  between  Warsaw 
and  Petersburg.  Telegraphing  was  carried  on  very  quickly  and 
safely  by  its  means  on  the  line  in  question.  However  it  did  not 
continue  long  in  practical  use,  as  the  preparation  of  tlie  paper  strips 
was  always  so  inconvenient,  because  it  was  necessary  to  arrange 
the  relay  specially  carefully  and  frequently  to  change  its  adjustment 
to  obtain  good  writing.  We  satisfied  ourselves  by  the  unsuccessful 
result,  that  the  problem  was  not  to  be  solved  in  the  only  way  hitherto 
attempted,  the  use  of  simple  long  and  short  currents,  and  sought 
therefore  to  obtain  a  better  basis  for  an  automatic  telegraph  by  the 
use  of  alternate  currents.    We  succeeded  in  this  with  the  help  of 
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our  pennanently  polarized  electro-magnetio  sysfcem.  This  permitted 
the  prodnction  of  Morse  writing  by  means  of  short  alternate 
currents  of  equal  strength  and  duration,  and  quite  obviated  the 
balance  spring  which  is  so  difficult  to  adjust  for  quick  writing. 
We  first  sought  to  apply  the  short  alternate  currents  by  Volta 
induction,  which  was  also,  crowned  with  the  best  results.  The 
Sardinia-Malta-Oorfu  Cable  in  the  year  1857  was  the  first  line 
equipped  with  apparatus  of  that  kind.  Later  Yarley  used  a  similar 
appliance  on  the  first  Atlantic  cable  and  in  other  places. 

As  by  the  use  of  alternate  currents  and  permanently  polarized 
electro-magnets,  the  principal  difficulty  was  overcome,  which 
prevented  the  realization  of  the  automatic  telegraph,  we  again 
attempted  the  solution  of  the  problem,  and  this  time,  in  the 
manner  first  proposed  by  Morse,  with  the  help  of  set-up  type. 
This  was  carried  out  with  the  best  result  with  our  magneto-electric 
quick  type-writer.  The  quick  writer  also  shown  in  the  London 
Exhibition  of  1862,  permitted  of  the  forwarding  of  messages  with 
safety  through  long  lines  with  about  seven  times  the  speed  of  hand 
sending.  Important  considerations  however  could  be  urged 
against  it.  In  the  first  place  the  apparatus  had  to  be  unusually 
carefully  made,  if  it  was  to  act  well,  and  then  the  setting  up  of  the 
messages  was  very  tedious  and  entailed  too  much  extra  work. 
The  apparatus  is  nevertheless  in  regular  use  at  the  telegraph 
station  here  since  the  year  1862,  with  the  present  modification 
that  battery  currents  are  used  instead  of  magneto-electric,  and  ii 
is  employed  specially  for  telegraphing  meteorological  and  stock 
exchange  messages. 

On  the  2nd  June,  1858,  Charles  Wheatstone  took  out  a  patent 
in  England  for  an  automatic  telegraph.  This  utilized  Bain's 
perforated  paper  strip,  and  our  improvement  of  a  three-key  per- 
forator. He  modified  the  latter  by  bringing  our  double  row  of 
holes  for  the  production  of  the  dashes  of  the  Morse  alphabet,  not  side 
by  side,  bat  above  and  below  a  series  of  middle  holes.  This  series 
of  holes  was  produced  by  a  special  third  stamp  which  came  into 
action  by  pressing  down  each  of  the  three  keys.  For  sending  the 
messages  Wheatstone  used  a  peculiar  and  very  ingenious  apparatus, 
which  was  set  in  action  by  a  handle.  This  was  provided  with 
three  needles  lying  in  a  vertical  plane,  which  were  kept  up  by  light 
springs.    By  turning  the  handle  these  needles  were  raised  and 
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pressed  against  the  paper  strips.  The  middle  needle  always 
encountered  a  hole,  and  passed  through  it,  whilst  the  two  side 
needles  were  kept  back  by  the  paper  if  a  signal  hole  were  not  just 
exactly  above  them.  The  supports  of  the  side  needles  passing 
through  the  paper  strips  made  battery  contact,  whilst  the  middle 
needle  was  pushed  forward  by  means  of  mechanism,  and  so  pushed 
the  paper  strip  fonvard  a  distance  corresponding  to  that  of  the  two 
middle  holes  from  one  another. 

As  Wheatstone  first  used  direct  currents,  his  apparatus  could 
give  no  certain  quick  writing  on  long  lines  for  the  previously 
mentioned  reasons.  He  has,  however,  recently  got  over  this  by 
the  use  of  alternate  currents  and  polarized  electro-magnets  intro- 
duced by  me. 

Wheatstone's  apparatus,  however,  always  suffers — setting  aside 
technical  faults  not  to  be  referred  to — in  the  slowness  and 
trouble  of  preparing  messages  by  means  of  the  three-key 
perforator. 

I  have  recently  sought  to  avoid,  as  far  as  possible,  the  defects 
yet  existing  in  this  system  as  shewn  in  the  above  historical  recital 
of  the  development  of  automatic  telegraphy.  For  this  purpose  I 
have  again  returned  to  the  use  of  Bain's  paper  band,  after  the 
experiment  of  constructing  a  setting  machine  for  the  quick  setting 
and  casting  of  types  had  not  had  the  hoped-for  success.  As  the 
following  description  of  my  new  automatic  telegraph  will  show, 
it  differs  from  the  previous  attempts  essentially  in  the  following 
points  : 

1.  Paper  bands  are  employed  for  the  reception  of  the  messages 
to  be  punched,  which  are  previously  provided  in  a  mechanical 
manner  with  a  regular  series  of  guide  holes. 

2.  The  punching  of  the  writing  signs  is  effected  either  by  a 
hand  perforator  by  means  of  the  motion  of  a  hand  lever  to  the 
right  or  left,  or  by  a  key  perforator.  The  latter  has  as  many 
keys  as  there  are  letters,  numbers  and  punctuation  signs,  and  the 
momentary  touching  of  a  key  suffices  to  punch  the  corresponding 
signs  fully,  and  to  carry  forward  the  paper  strip  exactly  so  far 
that  it  is  in  the  right  position  for  the  receipt  of  the  next  sign. 
Experienced  operator  can  prepare  three  or  four  letters  or  special 
signs  in  a  second  for  mechanical  or  automatic  dispatch. 

3.  The  automatic  dispatch  is  effected  by  the  help  of  alternating 
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cnrretits,  and  either  by  means  of  m^neto-induction  or  battery 
cmrente.  In  the  latter  case  the  dispatch  U  done  by  means  of 
clockwork  at  a  speed  which  can  be  regnlated. 

4.  Good  contact  iB  assnred  by  the  use  of  a  pencil  with  elastic 
fine  wires  in  place  of  a  sliding  spring. 

5.  The  receiviog  apparatus  is  an  ink  writer  of  my  construction 
with  magnet  cores  of  thin  sheet  iron  and  a  speed  which  can  be 
adjusted  to  allow  of  sending  as  quickly  as  the  greater  or  less 
inductive  action  of  the  line  and  the  strength  of  the  current  allow. 

Fig.  121. 


This  with  lines  of  average  length  amounts  to  four  or  tive  times 
the  speed  by  hand. 

6.  With  the  use  of  galvanic  alternating  currents,  translation 
LB  applicable  without  essential  redaction  of  speed. 

Apparatus  for  Punching  the  series  of  Central  Holes  (Fig.  121). 

A  steel  axis  carries  a  band  pnlley,  by  which  it  can  be  quickly 
tnmed  by  means  of  a  band  and  flywheel,  and  at  its  further  end  an 
eccentric  i.  This  imparte  an  upward  and  downward  movement 
to  the  small  stamp,  which  effects  the  punching  of  the  holes  and  a 
to-and-fro  motion  to  the  pawl  d.  The  latter  gears  into  a  ratchet 
wheel  with  thirty  teeth,  which  is  prevented  from  moving  back- 
wards by  the  pawl  h,  and  tnms  with  this  the  wheel  /  fixed  con- 
oentric  with  it,  which  is  to  more  forward  the  paper  strip  S.  For  that 
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purpose  it  carries  in  the  middle  of  the  height  of  its  cylindrical 
circumference  a  series  of  thirty  rounded  pins  slightly  projecting 
at  regular  distances  of  6°'"^  The  paper  strip  is  led  through 
a  narrow  slit  between  the  up  and  down  going  punch,  and  a  corre- 
spondingly drilled  small  anvil  g,  and  then  lies  on  apart  of  the 
circumference  of  the  above-named  wheel.  Its  pins  are  so  arranged 
that  they  fit  into  the  series  of  holes,  which  the  strip  receives 
from  the  stamp.  As  often  as  a  hole  is  finished  the  strip  is  carried 
forward  6°*™,  and  the  place  for  the  next  hole  brought  under  the 
stamp. 

The  correct  entrance  of  the  pins  into  the  holes  of  the  strip  is 
assured  by  the  roller  t,  which  is  grooved  in  the  middle  of  its 
breadth,  and  presses  the  paper  on  both  sides  of  the  pin  against 
the  wheel.  It  can  be  turned  back  when  a  new  strip  is  to  be  put 
in.  The  loosening  of  the  strip  from  the  wheel  is  effected  by 
means  of  a  thin  plate  ^,  which  inserts  itself  with  the  front  edge 
between  the  two.  The  three  pins  w  between  which  the  paper 
passes  with  some  friction  keep  it  stretched  under  the  stamp. 

The  series  of  holes  made  by  the  apparatus  is  perfectly  regular, 
and  lies  in  the  middle  of  the  strip.  The  separate  holes  are  l^"'™ 
wide  and  distant  6™"*  from  centre  to  centre. 

Hand  Perf&ratiyr  (Fig.  122). 

The  stamp  work  consists  of  three  cylindrical  stamps  1,  2,  8, 
lying  horizontally  and  movable  in  the  direction  of  their  axis,  the 
ends  of  which  fit  tightly  into  the  corresponding  holes  bored  in  the 
opposite  steel  plate  a  and  can  be  pushed  into  them.  Iii  the  small 
slit,  which  is  left  between  this  plate  and  the  brass  block  h,  which 
guides  the  stamps  in  their  bores,  the  paper  strip  S  is  laid  as  it  is 
supplied  from  the  previously  described  machine.  The  stamps  1 
and  2  stand  8°^"^,  the  stamps  2  and  3,  on  the  contrary,  G^™  apart, 
so  that  when  1  and  2  are  thrust  through  the  paper,  holes  are  made 
at  a  distance  of  8^"^  apart,  when  1  and  8  ai'e  pressed  at  a  distance 
of  9®°.  The  holes  lie  8"^  to  the  side  of  the  already  existing 
series  of  holes,  and  as  will  be  explained  in  the  description  of  the 
sending  instrument,  [produce  at  the  desired  distances  dots  and 
dashes. 

The   one-armed   levers    /   and    /„    which    turn    respectively 
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abont  m  and  »i,  serve  to  press  down  the  stamp.  Their  ends  vhiuh 
gear  into  one  another  are  so  cnt  that  the  one  {X)  on  being  moved 
forward  strikes  the  stamps  1  and  2,  the  other  {I,)  the  stamps  I  and 
3.  The  common  spring  n,  which  is  fixed  at  both  ends  and  in  the 
middle,  catches  into  projections  turned  out  of  the  stamp  and  draws 
this  back  when  the  pressure  against  it  slackens. 

The  motion  of  the  levers  I  and  /i  is  produced  by  means  of  short 


jointed  bars  0  0,  which  are  connected  on  the  one  hand  with  each 
of  the  levers,  and  on  the  other  with  the  back  end  of  the  two- 
armed  lever  t,  through  a  common  pin,  in  such  a  way  that  a  kind 
of  double  knee  lever  is  formed.  By  means  of  it  either  the  lever 
4  or  the  other  /  is  pressed  gainst  the  stamp,  accordingly  as  the 
front  portion  of  the  lever  t,  which  carries  for  this  purpose  a  kaob 
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p  serving  as  a  hand  lever,  is  moved  to  the  right  or  left.  By  theao 
movementSy  therefore,  an  arbitrary  row  of  signs  represejiting  dots 
and  dashes  can  be  punched,  provided  always  that  the  strip  is  cor* 
respondingly  moved  past  the  stamps. 

For  this  purpose  the  wheel  /,  with  guiding  pins  previously 
described,  is  used,  the  pins  entering  into  the  series  of  holes  pre- 
viously stamped  in  the  strip.  For  greater  safety  the  strip  is  wound 
round  a  portion  of  its  periphery,  both  before  and  after  its 
passage  through  the  punching  apparatus.  The  loop  which  is  thus 
formed  is  kept  horizontal  and  stretched  by  means  of  the  small 
roller  r  rotating  with  it,  which  also  carries  guiding  pins  on  its 
circumference. 

The  motion  of  the  levers  /  and  7i,  of  which  the  latter  is 
lengthened  for  this  purpose,  is  communicated  to  the  wheel  /  by 
means  of  ratchets  and  pawls,  and  a  pin  q,  so  that  it  draws  away 
the  paper  strip  on  the  return  of  the  lever  I  by  one  hole  of  the 
middle  row,  on  the  return  of  the  lever  /j  by  two  holes. 

These  movements  correspond,  however,  to  the  width  of  the 
signs  stamped  by  the  respective  lever  pins,  plus  the  space  of  3™"^ 
separating  them.  Therefore  each  time  the  place  for  the  next  sign, 
which  always  begins  near  a  hole  of  the  middle  row,  is  brought 
under  the  stamp. 

Besides,  the  driving  wheel  /can  be  turned  through  the  distance 
of  one  pin  independently  of  the  levers  I  ^,  by  pressing  the  'kn.ohp 
down  at  its  middle  position,  therefore  when  neither  of  the  stamps 
is  pressed.  The  front  part  of  the  lever  /  is  fixed  for  this  purpose 
at  the  back  part  to  a  horizontal  pin,  around  which  it  can  turn 
downwards.  By  means  of  a  small  bent  lever  and  a  pushing  bar  a 
lying  under  the  sole  plate,  the  motion  is  communicated  to  the 
pawl  d.  By  means  of  suitably  arranged  springs  the  lever  t  is 
always  brought  back  to  its  middle  position. 

In  order,  therefore,  to  represent  a  message  with  this  apparatus 
on  the  strip  in  the  form  of  a  series  of  holes,  the  knob  p  must  be 
pushed  to  the  right  for  each  dot,  and  to  the  left  for  each  dash, 
besides  being  pressed  down  once  for  each  complete  letter  and  twice 
after  each  complete  word. 

With  some  practice  the  punching  of  the  messages  by  the  help 
of  this  apparatus  can  be  done  in  almost  the  same  time  as  the 
direct  sending  of  them  by  means  of  the  usual  Morse  key. 
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Key  PerforaUyr  (Fig.  123). 

The  messages  can  be  punched  in  the  strips  by  means  of  a  key 
perforator,  in  which  the  pressure  of  a  kej  instantly  furnishes  a 
complete  letter  at  from  three  to  four  times  the  speed  of  the  hand 
perforator. 

This  is  represented  in  Fig.  123  as  seen  from  above.  The 
punching  apparatus  contains  twenty  horizontal  stamps  cc  lying 
near  together,  each  of  which  is  8™™  distant  from  the  next.  In 
line  with  them  there  lie  close  to  one  another  twenty  striking 
levers  I  bi,  which  can  be  moved  with  their  front  ends  against  the 
stamps  by  the  eccentrics  uu^  placed  on  the  common  axle  v,  but 
they  must  be  raised  somewhat,  when  they  are  to  strike  the  stamp, 
and  thrust  it  through  the  paper. 

For  this  purpose  there  lie  close  together  immediately  under  the 
thrusting  levers,  and  perpendicular  to  their  direction,  as  many 
strips  a  a  of  sheet  metal  as  there  are  signs  used  in  telegraphy,  each 
of  which  can  be  moved  separately  a  little  upwards  by  the  pressure 
of  the  corresponding  key. 

The  upper  edges  of  these  sheets,  so  far  as  they  lie  under  the 
thrust  levers  are  so  filed  out  that  each  of  them  on  rising  only  takes 
with  it  that  lever  which  in  their  order  (beginning  from  above) 
would  represent,  considered  as  holes  in  the  paper  strip,  the  sign  in 
question,  which  is  to  be  read  on  the  key  pressed  down. 

Each  of  the  plates  a  a  when  it  is  raised  turns  moreover  the  bent 
lever  with  long  axis  k,  and  this  at  the  end  of  its  stroke  sets  in 
motion  a  special  kind  of  release  A,  which  at  once  couples  the  axle 
V  with  the  eccentric  to  the  axle  t  lying  in  its  extension  and  kept 
in  continuous  motion  by  means  of  the  band  and  treadle.  If  v 
has  once  turned  with  this,  this  coupling  loosens  again  of  itself, 
and  the  axle  v  stops,  even  when  the  key  remains  pressed  down. 

By  this  single  turning  of  the  eccentric  all  the  pressing  levers 
work  forwards  and  backwards  in  the  direction  of  their  length, 
those  not  raised  pass  under  the  stamps,  those  raised  strike  the 
stamps  lying  in  their  extension  through  the  paper  and  punch  in  it 
the  sign  of  the  key  pressed  down. 

The  paper  strip  is  moved  on  by  the  pin  wheel  /  and  the  roller 
r  in  the  same  way  as  with  the  handwriting  perforator. 

VOL.   II.  u 
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To  the  first  there  is  also  fixed  concentricallj  the  ratchet  wheel  e, 
the  pawl  of  which  can  be  passed  over  the  necessary  number  of 
teeth  by  the  tooth  bar  i  gearing  into  a  segment  of  a  toothed  wheel 
bearing  it,  which  is  itself  fixed  to  the  end  of  the  lever  h. 

The  lever  h,  namely,  continually  runs  over  all  the  thrust  levers 
At  a  slight  distance,  and  in  these  stick  short  pins  standing  up, 
which  come  within  reach  of  the  lever,  and  carry  it  along  in  their 
horizontal  motion,  as  soon  as  they  are  raised,  but  otherwise  pass 
under  it. 

As  now  all  the  pins  describe  an  equal  path,  the  lever  h  will  be 
turned  by  so  much  greater  an  angle,  the  pawl  of  the  pin  wheel 
'will  catch  so  many  more  teeth  the  nearer  the  last  of  the  raised 
thrust  levers  lies  to  the  fulcrum  of  h. 

The  thrust  levers  are  always  raised  in  even  numbers,  correspond- 
ing to  the  nature  of  the  perforated  w^riting  ;  therefore  only  the 
second  of  them  cames  a  pin  and  the  proportions  are  so  arranged 
that  the  pin  wheel  catches  by  one  more  tooth,  the  paper  strip, 
therefore,  is  drawn  6"*°  further  when  a  pin  more  is  raised. 
Accordingly  the  sign  to  be  stamped  with  one  movement  will 
always  come  out  6"*™  wider,  so  that,  therefore,  the  letters  are 
perforated  in  the  paper  with  their  correct  space  interval. 

The  space  between  two  words  is  produced  by  pressing  the  key 
without  sign,  the  plate  of  which  only  loosens  the  axis  v.  The 
first  thrust  lever,  opposite  to  which  there  is  no  stamp,  and  the  pin 
of  which  is  longer  than  those  of  the  others,  then  presses  in  proper 
manner  against  the  lever  h. 

Apparatus  for  Mechanically  Telegraphing  the  Perforated  Strips. 

Such  apparatus  were  arranged  for  use  both  with  magneto- 
induction  and  battery  currents. 

A  front  view  of  an  apparatus  of  the  first  kind  is  shown  in 
Fig.  124.  The  current  generator  is  a  magneto-induction  machine 
of  our  already  known  constraction. 

The  cylindrical  armature  a  is  wound  in  the  direction  of  its 
axis  with  covered  copper  wire  and  is  quickly  rotated  between  the 
poles  of  a  series  of  horse-shoe  mc^ets,  arranged  near  to  one 
another.  With  each  revolution  it  gives  two  ciurent  impulses  of 
opposite  direction. 

u  2 
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The  axle  x,  which  is  tnmed  bj  meane  of  the  ami  A,  catrica  at 
one  end  the  tootlied  wheel  z  gearing  into  the  indactor  pinion,  at 


the  other  the  insulated  projecting  pin  wheel  /,  which  provides  for 
the  forward  motion  of  the  perforated  atrip,  becanee,  as  in  the 
previously  described  apparatus,  its  pins  enter  the  holes  of  the- 


middle  i 
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The  toothed  wheel  transmiflsion  is  so  arranged  that  as  often  as 
the  wheel  /  moves  forward  by  one  pin  on  its  circumference, 
therefore  by  6""»,  the  armatnre  of  the  indnctor  turns  once. 

The  wheel  is  touched  by  the  metallic  pin  e  at  every  3°*™  by  the 
«ide  of  the  guiding  pins  in  the  same  plane,  around  which  lies  the 
row  of  punched  holes  of  the  strip,  and  just  at  the  moment  when 
the  current  passing  simultaneously  from  the  inductor  reaches  its 
maximum. 

The  pin  e  forms  the  end  of  a  spring  fixed  to  the  end  of  the 
two-armed  lever  ^,  on  the  other  end  of  which  acts  the  cam  c 
fixed  to  the  axle  of  the  armature,  but  insulated  from  it,  and 
imparts  to  this,  and  with  it  to  the  pin  0,  forward  and  backward 
motion. 

One  end  of  the  induction  wire  is  in  metallic  connection  with 
the  earth  through  the  body  of  the  apparatus,  the  other  with  the 
cam,  and  through  this  with  the  insulated  lever  A.  The  telegraph 
line  is  connected  to  the  pin  wheel  /,  by  means  of  the  sUding 
springs  h  h\ 

As  often  as  the  pin  e  touches  the  metal  of  the  wheel  /  a  current 
is  sent  from  the  inductor  into  the  line.  If,  however,  a  strip  is 
put  in,  the  current  can  only  pass  when  the'  pin  e  falls  into  a  hole 
in  the  sign  series.  Otherwise  the  latter  lies  on  the  paper  and  the 
circuit  remains  disconnected  through  it. 

The  wheel  /  is  so  fixed  to  the  axle  that  the  pin  e  always  touches 
it,  the  second  time  near  a  guiding  pin,  and  the  connection  is  so 
made  that  the  current  permitted  thereby  effects  the  impression  of 
the  ink  roller  on  the  paper  strip  in  the  polarized  ink  writer  of  the 
distant  station.    The  direction  of    the  current  is  represented 

by  (+). 

As  often  as  a  hole  of  the  message  set  lying  near  to  a  guiding 
hole  passes  under  the  pin  e,  the  latter  by  falling  into  it  allows  of 
the  beginning  of  a  sign.  If  now  a  second  hole  follows  after 
^°»»n  the  (— )  current  caused  thereby  will  immediately  draw  away 
again  the  lever  of  the  ink  roller  when  the  inductor  is  rotated 
rapidly  and  a  point  is  the  result. 

If,  however,  the  next  hole  follows  only  after  9™°j  the  ( - ) 
current  can  only  pass  on  the  next  following  revolution  of  the 
armature  a.  The  ink  roller,  therefore,  continues  to  lie  longer  on 
the  strip  and  leaves  a  dash. 


294  THE   SCIENTIFIC   PAPERS^  ETC,    OF 

Hence,  therefore,  two  consecutive  holes  of  the  sending  strip 
bring  about  a  sign,  when  the  first  of  them  lies  near  a  hole  of  the 
middle  row,  and  a  space,  when  it  lies  at  the  side,  between  two  middle 
holes.  The  distance  of  the  writing  holes  must  always  amount  to 
an  uneven  multiple  of  3""*.  With  uniform  rotation  the  length  of 
the  signs  or  spaces  produced  is  proportional  to  the  distance  of  the 
corresponding  holes. 

Instead  of  the  oscillating  pin  d  a  spring  at  rest  can  effect 
the  closing  of  the  circuit,  which  passes  with  its  point  over  the 
writing  row  of  the  strip  and  falls  into  its  holes.  Several  steel 
needles  in  a  bundle  are  specially  suitable  for  this,  which  sweep 
over  the  row  of  holes  with  their  points  like  a  brush. 

Further,  the  apparatus  can  be  so  constructed  that  it  is  set  in 
motion  by  means  of  a  flywheel  and  pedal  instead  of  by  turning  a 
handle.  Instead  of  the  toothed  wheel  transmission  a  band  would 
then  be  used  and  the  rotation  of  the  armature  would  be  communi- 
cated to  the  pin  wheel  by  means  of  an  endless  screw. 

Apparatus  /or  Telegraphing  the  Perforated  Stnps  with  the  use  of 

Battery  Currents. 

If  battery  currents  are  to  be  used  for  telegraphing  in  place  of 
magneto-induction  currents  a  battery  would  be  joined  up  in  the 
circuit  in  place  of  an  inductor.  Moreover,  the  current  passing 
from  it  must  be  reversed  alternately  by  a  special  commutator, 
moved  mechanically  as  often  as  the  wheel  carrying  the  perforated 
strip  on  its  periphery  turns  through  the  distance  of  two  pins. 

To  avoid  the  special  commutator  in  the  sending  apparatus 
intended  for  use  with  battery  currents,  the  pin  wheel  /,  itself, 
which  in  outer  form  is  just  like  that  previously  described,  was 
constructed  in  two  parts  insulated  from  one  another,  KZ  (Fig.  125). 
These  fit  into  each  other  on  the  cylindrical  surface  of  the  wheel 
in  a  zig-zag  shape,  without  touching  each  other,  in  such  a  waj 
that  two  holes  of  the  writing  row  lying  close  to  one  another 
always  rest  one  on  each  of  the  parts.  The  above  described  steel 
pencil  p  (Fig.  126),  which  is  insulated  from  the  base  of  the  appa* 
ratus  and  connected  with  the  line  serves  to  give  passage  to  the 
current. 

When  it  sweeps  over  a  hole  of  the  sign  row  lying  near  a  guiding 
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pin  it  effects  the  connection  of  the  telegraph  line  with  the 
part  K,  when  sweeping  over  the  holes  lying  intermediately  it 
connects  with  the  second  part  Z  of  the  wheel. 
The  first  E  of  the  two  parts  is  in  connection  with  the  copper 


Fig.  125. 


Fig.  126. 


fcfwi**4oft'ttiifti>' 


pole  of  a  galyanic  battery,  the  second  Z  with  the  zinc  pole  of  a 
second  eqaally  powerful  battery.  The  other  poles  of  both 
batteries  are  connected  to  earth. 

The  working  part  of  the  apparatus  is  exactly  the  same,  as  that 
of  the  one  previously  described.    As  compared  with  this  the 
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indnctor  is  absent  and  the  moremeut  of  the  pin  wheel  only  requires 
little  power,  the  appanibns  can  instead  of  a  handle  or  treadle 
be  kept  ia  motion  by  a  clock-work  with  driving  weight  and  fly. 

If  the  telegraphist  has  put  in  the  message  in  the  form  of  a 
strip  containing  a  row  of  holes,  and  released  the  clock-work,  the 
Bending  of  the  message  follows  without  any  further  aid  on  his  part 


Apparatus  for  receiving  the  message. 
A.  The  writing  apparatus. 

The  printing  apparatus  ia  a  polarized  ink  writer  with  a  new 
magnetic  system,  which  enables  it  to  work  quite  safely  and  at 


unlimited  speed.  In  place  of  the  round  hollow  iron  core  these 
are  here  made  of  iron  plates.  The  laminated  cores  retain  very  little 
remanent  magnetism  and  change  tbeir  polariiy  much  more  quickly 
than  those  of  greater  mass.  The  poles  ^ji'  of  the  electro-magnet 
are  adjustable  by  means  of  two  screws,  whilst  the  screws  c  c'  limit 
the  motion  of  the  armature  a.  The  armature  which  carries  at  its 
left  end  the  writing  wheel  w  ia  made  extremely  light,  the  wheel  w 
is  formed  of  aluminium.  As  with  this  arrangement  the  weight 
of  the  mass  is  very  small,  a  very  quick  motion  of  the  pieces  can 
follow.  In  other  parts  the  apparatus  resembles  the  polarized  ink 
writer  of  our  coustniction. 
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B.  The  relay. 

The  relay  is  a  double  polarized  one  also  with  the  core  aod 
armature  of  the  electro-magiict  formed  of  plates.  Fig.  123  is  a 
gromid  plan.  Fig.  129,  a  diagram  of  the  apparatus.  As  may  be 
seen  from  the  latter,  the  two  arms  t  f,  leugthened  towards  the 
back  form  a  corrent  reverscr  with  the  stop  screws.    Arriving 

Fig.  128.  Fig.  12B. 


alternating  currents  consequcDtly  give  an  alternating  motion  to 
the  armutm-e,  by  which  again  a  reversal  of  current  is  brought  about 
in  the  line  L,  1, 2,  £.  In  Fig.  ]  28,  the  permanent  magaeta  M,  M' 
have  north  magnetism  at  X,  and  south  at  S,  therefore  the  armature 
tongues  n  n"  are  also  north  magnetic.  As  alternating  currents  of 
the  line  L  E  prodnoe  alternately  N  and  3  magnetism  in  the  poles 
]f  p^  p'  p'"  the  K  tongues  n  n"  are  ahrays  moved  towards  the,  at 
that  time,  south  poles  of  the  olcctro-magnctg.  Therefore  the  arms  e 
and  /  lie  respectively  ou  the  contact  screws  a  and  d  or  c  and  b. 
The  screws  a  (  are  in  connection  with  the  copper  pole,  the  screivs 
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c  d  with  the  zinc  pole  of  the  battery.  If  the  armatures  n  n*  lie  on 
a  and  d,  the  current  of  the  battery  passes  from  the  copper  to  the 
left  through  the  apparatus  A,  whilst  it  passes  through  the  apparatus 
to  the  right  when  n  n"  lie  on  the  screws  c  b.  By  means  of 
the  screws  g  g*  the  armatures  n  n"  can  be  placed  exactly  in  the 
middle  of  their  poles  j»^'  and  p"  p"\  whilst  the  set  screws «»'  T  t' 
serve  to  bring  the  poles  closer  or  remove  them  from  one  another. 


yt  ytr 


THE  UNIVERSAL  GALVANOMETER.* 

Measurements  of  the  galvanic  factors,  the  strength  of  current, 
resistance  and  electro-motive  force  of  batteries  are  tasks  which  now 
are  no  longer  imposed  exclusively  on  the  physicist^  but  also  and 
indeed  more  frequently  must  be  performed  by  the  telegraph 
engineer.  If  these  tasks  already  require  great  care  and  precau- 
tion, the  number  of  apparatus  and  instruments,  which  have 
hitherto  had  to  be  applied  for  the  purpose  is  disturbing  especially 
for  engineers,  as  in  general  each  of  the  operations  referred  to 
required  another  instrument  specially  constructed  for  it,  which 
again  has  its  own  constants  to  be  determined  in  the  first  place  by 
special  experiments. 

It  was  desirable  to  possess  a  single  instrument  which  is  so 
arranged  and  furnished  with  the  necessary  resistances,  that  it  can 
serve  on  occasion  for  each  of  the  three  operations  considered. 

From  this  point  of  view  the  universal  galvanometer  about  to  be 
described  is  constructed. 

It  is  a  sensitive  galvanometer  revolvable  in  a  horizontal  plane 
around  its  base,  so  that  it  can  be  used  as  a  sine  galvanometer 
combined  with  a  Wheatstone  bridge,  the  wire  of  which  is  however 
not  straight,  but  stretched  in  a  circle  and  provided  with  the 
units  of  measurements  necessary  for  the  measurement  of  resistance. 

For  measuring  the  strength  of  currents  the  instrument  is  simply 
used  as  a  sine  galvanometer. 

•  Journal  of  the  Deutech-Oesterr.  Telegraphcn  Verein,  Vol.   XV,,  p.  1. 
1868. 
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The  measurement  of  E,  M,  F,  is  carried  out  according  to  Prof. 
E.  da  Bois-Rejmond's  modification  of  PoggendorfiTs  compensation 
method,  in  which  the  bridge  wire  serves  as  an  Agometer.    For  the 


measurement  of  resistance  the  instrument  is  employed  as  a  Wheat- 
stone  bridge. 

To  be  able  to  measure  great  and  small  resistances  with  very 
great  exactness  three  different  units  of  measure  are  added  of  the 
values  of  1,  10,  and  100  Siemens'  units,  (sometimes  10,  100, 
1,000  S.  U.) 

The  choice  of  these  values  of  the  unit  of  measurement  appears 
all  the  more  justified,  as  in  the  summer  of  this  year  at  the  inter- 
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national  ooofereace  held  in  Yienno,  the  Siemena'  nnil  of  reBUtonce 
via  officially  adopted  for  general  iateraatiooal  btuiDess. 

Fig.  130  gives  the  plan,  Fig.  131  the  side  view  of  the  instra- 
inent. 

A  is  a  circDlar  plate  of  poliahed  wood  standing  on  three  levelling 

Fig.  131. 


screws  (  (.  lu  its  centre  a  metal  bearing  is  let  in,  in  which  rests  a 
vertical  pia  bearing  the  whole  proper  instrumeut,  which  finds  a 
very  safe  support  in  it,  so  that  the  instrument  can  easily  turn  on 
this  piu,  but  without  becoming  loose,  and  without  losing  its  hori- 
zontal position,  wheu  this  has  once  been  arranged.  On  this  peg 
there  next  testa  a  circular  disc  of  polished  wood  about  an  inch 
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thick  famished  with  the  continuation  c^  in  the  ciicmnference  of 
which  is  tnrned  a  groove,  for  the  reception  of  the  resistance  wires* 
The  continuation  c  carries  four  metal  plates  distingaished  bj  I^ 
Ily  III  and  IV  and  provided  with  terminal  screws  as  shewn  in 
Fig.  180.  The  plates  III  and  lY  can  be  connected  together  bj 
means  of  a  plag.    Above  the  last  mentioned  disc  of  wood  is 

Fig.  132. 


a  disc  of  slate  somewhat  larger  and  turned  exactly  circular 
but  somewhat  cut  out  over  the  continuation  c^  and  this  carries 
the  galvanometer  in  the  centre  and  in  front  of  it  along  the 
segment,  four  insulated  metal  blocks,  h^  A,  A3  h^  which  can  be 
connected  together  with  plugs,  and  to  which  the  ends  of  the 
resistance  wires  are  connected  as  shewn  in  Fig.  132. 

The  galvanometer  has  nothing  unusual  in  its  arrangement ; 
it  has  an  astatic  needle  system  hung  by  a  cocoon  fibre  and  a  flat 
multiplier  frame  with  fine  wires  ;  in  the  example  with  which  we 
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are  for  the  moment  occupied,  it  contains  482  windings  of  a  resist- 
tance  of  10  S.  U.  The  needle  t  swings  over  a  circnlar  scale 
printed  on  cardboard  and  divided  into  degrees  ;  but  in  using  the 
instrument,  the  deflection  of  the  needle  is  never  read,  but  the 
needle  is  always  brought  back  to  zero,  ivory  pegs  are  placed  on 
both  sides  of  this  point  somewhere  near  the  division  20.  The 
knob  K  to  which  the  cocoon  fibre  is  attached,  carries  also  a  small 
revolvable  correcting  magnet.  One  side  of  the  windings  as  is  seen 
in  Fig.  132,  is  connected  to  the  first  of  the  blocks  K  fixed  on  the 
filate  plate,  the  other  end  to  the  block  IV. 

In  the  somewhat  rounded  periphery  of  the  slate  plate  a  fine 
groove  is  turned  in  which  the  tightly  stretched  bridge  wire  of 
platinum  or  German  silver  wire  so  lies,  that  its  outer  circumference 
projects  somewhat  beyond  the  slate.  Its  ends  are  soldered  to  two 
brass  plates  { and  Z„  fixed  to  the  slate  plate,  exactly  at  the  sides  of 
the  gap  in  it.  One  of  these  plates  I  is  connected  with  the  block  h^ 
but  the  other  with  the  block  III  by  means  of  thick  copper  wires 
or  strips  of  plate.  Slate  was  chosen  for  the  disc  /,  because  this 
material  is  from  experience  the  least  sensitive  to  alteration  of 
temperature  and  conditions  of  weather.  On  the  upper  side  of  the 
slate  plate  its  circumference  is  provided  with  a  division  from 
8e<nnent  to  segment,  and  the  arc  between  the  two  segments  is 
divided  into  800  equal  divisions.  The  zero  point  lies  exactly  in 
the  middle,  opposite  the  middle  of  the  wire,  and  from  here  the 
graduation  runs  from  10  to  10  on  both  sides,  so  that  the  number 
150  is  found  at  both  ends  of  the  wire  at  /  and  ^. 

The  movable  contact  point  along  the  bridge  wire  is  formed 
by  the  small  revolvable  platinum  roller  «,  which  is  carried  by  an 
arm  D,  (Fig.  180  and  131,)  movable  below  the  tumable  wooden 
disc  about  the  pivot  of  the  instrument  and  capable  of  easy  and 
safe  rotation  around  this.  To  this  arm  there  is  fixed,  somewhat 
behind  the  handle  ^,  a  piece  of  brass  in  the  vertical  position  which 
can  be  rotated  somewhat  between  screw  points,  which  carries  the 
platinum  roller  in  a  slit  at  the  upper  end,  and  carries  the  bearing 
for  its  vertical  axle  ;  a  spring  presses  this  piece  of  brass  against 
the  slate  disc,  and  secures  the  contact  of  the  platinum  roller  e  with 
the  bridge  wire.  This  arm  D  insulated  from  the  other  parts  of 
the  apparatus,  and  therefore  also  the  roller  e  is  in  conductive  con- 
nection with  the  block  I.    To  the  upper  portion  of  the  piece  d  is 


WERNER    VON   SIEMENS. 


303 


farther  fixed  an  index  Z  which  projects  up  over  the  upper  side  of 
the  slate  plate  close  up  to  its  division. 

The  use  of  the  apparatus  scarcely  needs  any  farther  explanation 
after  what  has  preceded.  The  diagram  sketches  (Figy.  133 — 188) 
will  suffice.  We  add,  nevertheless,  the  instructions  for  use 
arranged  for  engineers,  as  well  as  a  table  for  use  for  resistance 
measurements. 

As  regards  the  arrangement  of  the  latter,  yet  a  few  words.  As 
appears  from  Fig.  133,  the  ratio  between  the  resistance  sought  x, 
and  the  unit  measure  n,  when  the  reading  a  falls  to  the  left  side 
of  the  slate  plate  marked  with  A,  is 

X  :  n  =  150  +  a  :  150 -a, 
therefore  J  =  14^^ -n. 


150-a 


On  the  contrary  we  have 


150  -  a 
X  = n, 

15U4-a 


when  the  reading  a  is  to  the  right  half  of  the  slate  plate  denoted 
byB. 

The  values  of  these  two  fractions,  given  in  the  Table  in  the 
columns  headed  A  and  B,  for  values  of  a  increasing  by  0*5. 


TABLE   FOR   THE    UNIVERSAL    GALVANOMETER. 


A 

B       1 

A 

B 

A 

B 

Reading 

Reading 

Reading 

0. 

150+a 

lfiO-« 

a. 

150+a 

150-a 

a. 

150+O 

150-a 

150-a 

160+a  1 

160 -a 

150+a 

150-O 

150+a 

145 

69  00 

0-017 

188-6 

25  09 

0-040 

132 

15-67 

0-064 

144-5 

53-55 

0-019 

138 

24  00 

0-042 

131-5 

15-22 

0-066 

144 

49-00 

0-020 

137-5 

23-00 

0-044 

131 

14-79 

0-068 

143-5 

45-15 

0-022 

137 

22-08 

0-045 

130-5 

14-38 

0-070 

143 

41-86 

0-024 

186-5 

21-22.. 

0-047 

130 

1400 

0  071 

142-5 

89-00 

0-026 

i  136 

20-43 

0  049 

129-5 

13-68 

0-073 

142 

36-50 

0-028 

,  185-5 

19-69 

0-051 

129 

13-28 

0  075 

141-5 

84-29 

0-029 

135 

19  00 

0-052 

128-5 

12-95 

0-077 

141 

82-33.. 

0-031 

134-5 

18-85 

0-054 

128 

12-64 

0-079 

140-5 

80-58 

0-033 

134 

17-75 

0-056 

127-6 

12-33.. 

0-081 

140 

29-00 

0-035 

,  133-5 

17-18 

0-058 

127 

12-04 

0083 

139-5 

27-57 

0-036 

138 

16-65 

0  060 

126-5 

11-76 

0-085 

139 

26-27 

0-038 

132-5 

16-14 

0-062 

126 

11-50 

0-087 
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A. 

B 

Reading 

a. 

150+a 

150-O 

150-(i 

160+a 

126-5 

11-24 

0-089 

125 

11-00 

0-091 

124-5 

10-76 

0-093 

124 

10-54 

0-095 

123-5 

10-32 

0-097 

123 

1011 

0  099 

122-5 

9*91 

0*101 

122 

9-72 

0  103 

121  -5 

9-58 

0-105 

121 

9  35 

0-107 

120-5 

9-17 

0-109 

120 

9-00 

0-111 

119-5 

8-84 

0-118 

1  119 

8-68 

0-115 

1  118-5 

8-52 

0-117 

118 

8-37 

0*119 

117-5 

8-23 

0-121 

117 

8-09 

0-123 

116-5 

7-96 

0-]26 

116 

7-82 

0-128 

115-5 

7-69 

0-130 

115 

7-67 

0-182 

114-5 

7-45 

0-184 

114 

7-33 

0-136 

113-5 

7-22 

0-139 

113 

7'11 

0-141 

112-5 

7-00 

0-143 

112 

6-89 

0-145 

111-6 

6-79 

0-147 

111 

6-69 

0-150 

110-5 

6-59 

0*152 

110 

6-50 

0*164 

109-5 

6-41 

0-166 

109 

6-82 

0-158 

108-5 

6-23 

0-160 

108 

6*14 

0-163 

107-6 

6-06 

0-165 

1  107 

6-97 

0-168 

106-6 

5-89 

0-170 

106 

5-82 

0-172 

105-5 

5-74 

0174 

105 

6-67 

0-176 

104-6 

6-59 

0-179 

104 

6-52 

0*181 

103-5 

6-45 

0-183 

103 

5-38 

0-186 

102-5 

5*31 

0*188 

;  102 

6*25 

0-190 

!  101-5 

5-18 

0-198 

'  101 

! 

5-12 

0*195 

Reading 
a. 


100*5 
100 

99-6 

99 

98-5 

98 

97-5 

97 

96-6 

96 

95-5 

95 

94-5 

94 

93-5 

93 

92-5 

92 

91*5 

91 

90-5 

90 

89*5 

89 

88-6 

88 

87-5 

87 

86-5 

86 

85*6 

86 

84-5 

84 

83*5 

83 

82-5 

82 

81-5 

81 

80-5 

80 

79-5 

79 

78-6 

78 

77-6 

77 

76-5 

76 


A 

B 

Reading 

150+a 

IftO-a 

a. 

l&O-a 

160+O 

75-5 

5  06 

0-198 

6-00 

0*200 

75 

4-94 

0*202 

74-5 

4-8« 

o*2or. 

74 

4-82 

0-207 

78*6 

4-77 

0-209 

73 

4-71 

0-212 

72*5 

4-66 

0-215 

72 

4*61 

0-217 

71*5 

4*f5 

0-220 

71 

4 '50 

0*222 

70*5 

4-45 

0*224 

70 

4-40 

0-227 

69*5 

4-36 

0-230 

69 

4-31 

0-232 

68-5 

4-26 

0-235 

68 

4-22 

0-237 

67*5 

417 

0-240 

67 

413 

0-242 

66*5 

4-08 

0-245 

66 

4-04 

0-247 

65-5 

4-00 

0-260 

65 

3*96 

0-253 

64-5 

3*92 

0-255 

64 

3-88 

0*258 

63  5 

3-84 

0-260 

63 

3*80 

0-263 

62-6 

3*76 

0-266 

62 

3-72 

0-269 

61-5 

3*69 

0-271 

61 

3*66 

0-274 

60*5 

3-62 

0*276 

60 

3-58 

0*279 

69*5 

3-64 

0-282 

69 

3*51 

0-285 

68*6 

3-48 

0*288 

58 

3-44 

0*290 

67*6 

3-41 

0*298 

67 

3-88 

0-296 

66-5 

8-35 

0-299 

56 

3*31 

0*302 

55 -5 

8-28 

0*304 

65 

8-25 

0*307 

54*5 

8-22 

0-310 

64 

3-19 

0*313 

63*5 

8-17 

0-316 

63 

8-14 

0-319 

52-5 

8-11 

0-822 

62 

8-08 

0-825 

61*5 

3-05 

0-827 

51 

1 

1504-a 
150 -o 

8-08 
3-00 
2-973 
2*947 
2*921 
-896 
871 
846 
8*22 
2-797 
2-773 
2-750 
2-726 
2-703 
2-680 
2-668 
2-636 
2-614 
2-592 
2-571 
2*560 
2-529 
2-509 
2-488 
2-468 
2-448 
2-428 
2-409 
2-389 
2-870 
2-352 
2*333 
2-316 
2-296 
2-278 
2-261 
2-243 
2*226 
2-208 
2*191 
2*174 
2-158 
2-141 
2-125 
2*109 
2-093 
2  077 
2  061 
2-046 
2-030 


B 

150-O 
150 -l-a 


0  330 
0-333 
0*336 
0-839 
0*342 
0*845 
0-348 
0-351 
0*864 
0-857 
0-360 
0-864 
0*867 
0  870 
0*873 
0-876 
0-379 
0-382 
0*386 
0*389 
0*892 
0*895 
0*398 
0*402 
0-405 
0-408 
0-412 
0-416 
0-418 
0-422 
0-426 
0*429 
0-432 
0-436 
0*489 
0*442 
0*446 
0*449 
0*453 
0-456 
0-460 
0-463 
0*467 
0-471 
0-474 
0*478 
0-481 
0*485 
0-489 
0*492 


I. 
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TABLE   FOR   THE   UNIVERSAL   GALVANOMETER-co»i^tntt«rf. 


A 

B 

A 

B 

A 

B 

Reading 

Reading 

iReading 
1  ^T* 

a. 

150+a 

150-a 

i     ^ 

150+a 

150-a 

160+a 

150-a 

150-O 

150+a 

1 

150-a 

1 

160+a 

150-a 

150+a 

50-5 

2-015 

0-496 

38-5 

1-575 

0-635 

16-5 

1-247 

0-802 

■     50 

2  000 

0-500 

33 

1-564 

0-639 

16 

1-288 

0-807 

49-5 

1-985 

0-504 

82-5 

1-553 

0-644 

15-5 

1-230 

0-813 

49 

1-970 

0-508 

32 

1-542 

0-648 

15 

1-222 

0-818 

48-5 

1-955 

0-511 

31-5 

1-531 

0*658 

14-5 

1-214 

0-823 

48 

1-941 

0-515 

31 

1-521 

0-657 

14 

1-206 

0-829 

47-5 

1-926 

0-519 

30-5 

1-510 

0-662 

13-5 

1-198 

0-885 

47 

1-913 

0-523 

30 

1-500 

0-667 

13 

1-189 

0-841 

46-5 

1-898 

0-627 

29-5 

1-489 

0-671  ; 

12-5 

1-181 

0-847 

46 

1-884 

0-531 

29 

1-479 

0-676  1 

12 

1-173 

0-852 

45-5 

1-870 

0-535 

28-5 

1-469 

0-681 

11-5 

1-166 

0-858 

45 

1-857 

0-588 

28 

1*459 

0-685 

11 

1-168 

0-863 

44-5 

1-844 

0-542 

.     27-6 

1-449 

0-690 

10-5 

1-160 

0-869 

44 

1-830 

0-546 

27 

1-439 

0-695 

10 

1143 

0-875 

48-5 

1-816 

0-550 

26-5 

1-429 

0-700 

9-5 

1135 

0-881 

43 

1-603 

0-554 

26 

1-419 

0-705 

9 

1-127 

0-887 

42-5 

1-790 

0-558 

25-5 

1-409 

0-709  ' 

8-5 

1-120 

0-893 

42 

1-777 

0-562 

25 

1-400 

0-714 

8 

1-112 

0  899 

41-5 

1-765 

0-567 

24-5 

1-890 

0-719 

7-5 

1-105 

0-905 

41 

1-752 

0-571 

24 

1-380 

0-724 

7 

1-097 

0-911 

40-5 

1-739 

0-575 

23-5 

1-371 

0-729 

6-5 

1-090 

0-917 

40 

1-727 

0-579 

23 

1'362 

0-734 

6 

1-083 

0-923 

39-5 

1-714 

0-583 

22-5 

1-352 

0-739 

5-6 

1-076 

0-929 

39 

1-702 

0-587 

22 

1-843 

0-744 

5 

1-068 

0-985 

88-5 

1-690 

0-592 

21-5 

1-884 

0-749 

4-5 

1-061 

0-942 

38 

1-679 

0-596 

21 

1-325 

0-754 

4 

1-064 

0-948 

37-5 

1-667 

0-600 

20-5 

1-316 

0-760 

3-5 

1-047 

0-954 

37 

1-655 

0-604 

20 

1-307 

0-765 

3 

1040 

0-960 

86-5 

1-648 

0-609 

19-5 

1-298 

0-770 

2-5 

1-033  1 

0-967 

36 

1-631 

0-613  1 

19 

1-290 

0-775 

2 

1-027 

0-9>4 

35-5 

1-620 

0-617  ; 

18-5 

1-281 

0-780 

1-5 

1-020 

0-980 

35 

1-608 

0-622 

18 

1-272     0-786 

1 

1 

1-013  1 

0-987 

34-5 

1-597 

0-626  , 

17-5 

1-264      0-791 

0-5 

1-006 

0-993 

34 

1-686 

0-630 

17 

1 

1-255      0-796 

1 
1 

1 

Instructions  for  the  Utiiversal  Galvanometer. 

The  instrument  is  to  be  used  for  the  following  purposes  : — 

1.  To  find  an  unknown  resistance  x  (Figs.  183  and  134). 

a.  The  needle  i  is  brought  to  the  zero  of  the  small  scale  by 
turning  the  galvanometer. 

h.  The  pointer  Z  is  brought  by  means  of  the  handle  g  to  the 
zero  of  the  large  scale. 

c.  The  hole  between  III.  and  IV.  is  plugged  up. 

d.  One  of  the  holes,  1,  10  or  100  is  opened,  and  always  one  of 

YOU   II.  X 
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the  former  is  used  when  a  small  resistance^  the  hole  100  when 
a  large  resistance  has  to  be  compared. 

Fig.  133. 


6.  The  two  ends  of  the  resistance  to  be  measured  are  connected 
to  the  terminals  II.  and  lY.,  and 

/.  The  copper  and  zinc  poles  of  a  few  galvanic  cells  to  the 
terminals  I.  and  II. 

The  needle  i,  in  consequence  of  this  connection,  is,  we  will  say, 
deflected  to  the  right. 

By  means  of  the  handle  g  the  pointer  Z  is  also  tamed  to  the 


0 

I 

0 


Hi|i|h 


right  to  the  B  side  of  the  scale.  If  there  is  then  a  still  greater 
deflection  of  the  needle  to  the  right,  the  pointer  Z  must  be  moved 
to  the  left  beyond  the  zero  of  its  scale. ' 

The  needle  thus  approaches  the  zero  of  the  galvanometer  scale, 
which  it  reaches  by  further  turning  of  the  pointer  Z  to  the  left. 
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If  the  latter  tbereapon  stops  at  number  50  on  the  A  side,  and 
if  the  hole  100  in  n  is  unplugged,  the  following  proportion 
results : 

200  X 100 


150  -  50  :  150  +  50  =  »  :  a;  or  ar  = 


200 


«  200  units. 


For  the  measurement  of  small  resistances  a  single  cell  suffices. 
For  the  measurement  of  greater  resistances  and  when  a  measure- 
ment is  made  with  n==  100,  about  10  cells  should  be  used. 

2.  To  compare  two  eUctromotwe  forces  Ej  and  E^  (Figs.  135 
and  136). 

The  manipulation  a  and  (,  as  in  1. 

e.  The  hole  between  III.  and  IV.  is  opened. 

d.  The  holes  1,  10,  100  are  plugged  up. 

e.  The  two  poles  of  a  source  of  electricity  of  the  E.  M.  F.  E 


Fig.  136. 


(which  must  be  greater  than  E^  and  E2)  are  joined  up  to  the 
terminals  II.  and  III. 

/.  Those  of  the  source  of  electricity  to  be  compared,  for 
instance  E  are  brought  to  the  terminals  I.  and  IV.  (nevertheless 
80  that  similar  poles  are  at  I.  and  III.,  as  well  as  II.  and  lY.). 

The  needle  of  the  galvanometer  will  be  deflected.  By  turning 
the  pointer  Z  one  is  able  at  a  determined  position  of  the  same  to 
bring  it  back  to  zero.  If  then  the  pointer  is,  for  instance,  at  30 
on  the  A  side,  the  following  equation  holds 


E,  =  E, 


150-30 


(1) 


300+w 

where  u  is  the  resistance  of  the  batteiy  E©. 

In  place  of  the  battery  E^  the  battery  Ej  is  now  inserted,  the 


X  2 
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needle  becomes  deflected,  and  can  be  brought  back  to  zero  by 
taming  the  pointer  Z.  If  the  pointer  now  stands,  for  instanoe,  at 
40  of  the  B  side,  the  equation  now  holds 


EQ~Eii 


150  +  40 
800 +  w 


.      (2) 


From  equation  (1)  and  (2)  is  derived  the  equation  quite  inde- 
pendent of  u. 


El  :  E2  =  (150-30)  :  (150  +  40)  =  12  :  19     . 


.     (8) 


Fig.  137. 

K2h 


Fig.  138. 


r 
I 


ol    ® 


Aar 


I 
I 


The  two  E.  M.  F.  are  as  the  two  observed  distances  of  the 
pointer  from  150  on  the  A  side. 

8.  Use  as  sine  galvanometer  (Figs.  187  and  138). 

The  manipulations  ah  c  dsa  with  2. 

e.  One  pole  of  the  battery  is  brought  to  the  terminal  II.,  the 
other  to  earth,  and 

/.  The  line  is  connected  to  terminal  IV. 

If  the  needle  i  is  deflected  the  galvanometer  is  turned  in  the 
direction  of  the  deflection  until  it  returns  to  zero.  As  by  this 
turning  the  great  scale  turns  past  the  pointer  Z,  which  remains  at 
rest,  one  has  only  to  read  the  number  at  which  Z  stands,  and  to 
look  up  its  sine,  in  order  to  get  the  number  proportional  to  the 
strength  of  the  current. 


WERNER    VON   SIEMENS.  309 


SIEMENS   AND    HALSKE'S    HAIR-PIN 
GALVANOSCOPK* 

We  constructed  the  instrament  described  below  so  as  to  supply 
the  want  of  an  instrument  which  should  be  sure  to  indicate  weak 
currents  of  very  short  duration,  or  currents  quickly  alternating  in 
direction. 

It  consists  of  a  simple  longish  frame  of  wood  or  brass  a  (Fig.  189) 
which  is  wound  with  covered  copper  wire  and  inside  it  swings  a 
small  hair-pin  shaped  needle  h  of  soft  iron  about  its  middle  line  in 
such  a  way,  that  its  legs  remain  parallel  with  the  length  of  the 
frame.  For  this  purpose  the  needle  is  pierced  at  its  bend  and  fixed 
on  a  sewing  needle  which  has  its  eye  removed.  The  point  of  the 
latter  which  is  directed  downwards  between  the  two  legs,  rests  in 
the  hollow  of  a  small  stone,  whilst  the  upper  end  above  the  bend 
is  pivoted  in  a  weU  polished  hole  in  which  it  rotates  easily.  The 
oscillations  of  the  needle  are  made  apparent  by  means  of  a  light 
aluminium  pointer,  which  is  fixed  on  the  same  axis  and  is  bent 
down  perpendicularly  in  front  of  a  plate  furnished  with  a  zero 
line. 

The  needle  gets  its  magnetism  by  induction  from  a  horse  shoe 
magnet  M  which  is  so  pushed  from  above  over  the  frame,  that  the 
latter  is  brought  to  lie  between  its  legs.  This  magnet  acts  at  the 
same  time  distinctly  on  the  little  needle,  and  by  a  suitable 
rotation  of  the  former,  the  latter  can  be  so  placed  that  it  is  brought 
to  lie  with  its  two  legs  in  the  plane  of  the  windings,  when  the 
aluminium  pointer  at  the  same  time  covers  the  zero  line. 

If  a  current  now  passes  through  the  windings,  it  tends  to  torn 
the  needle  to  one  side  or  the  other,  and  this  very  quickly  follows 
the  action  of  the  current  on  account  of  its  very  slight  inertia. 
Too  great  a  defiection  of  the  needle  is  prevented  by  a  stop  which 
the  aluminium  pointer  finds  on  the  edge  of  the  frame  opening. 
The  strength  of  the  directing  and  magnetizing  force  of  the  magnet 
M  can  be  regulated  by  raising  and  lowering  it. 

Instead  of  making  the  needle  of  soft  iron,  and  magnetizing  it  by 

*  (Journal  of  the  Dentsch-Oesterr.  Telegrapben  YerelD,  Vol.  16,  p.  91.) 
1868. 
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the  action  of  an  external  horse  shoe  magnet,  it  can  be  made  as  an 
independent  small  horse  shoe  magnet.  It  is  then  only  necessary 
to  place  above  the  frame  a  small  regolating  magnet  m  in  Fig.  140 
which  gives  the  needle  the  zero  position.  In  this  form  the  galvano- 
scope  is  employed  on  the  Indo-European  telegraph  line  as  a  table 
galvanoscope,  whei'e  it  indicates  the  alternating  currents  used  in 
automatic  telegraphy. 

We  consider  as  new  and  peculiar,  the  use  of  a  galvanoscope 
needle  of  hair-pin  shape,  which  is  so  fixed  in  the  opening  of  a 

Fig.  189. 


k 


simple  frame  wound  with  covered  copper  wire  and  capable  ot 
rotation  about  its  median  line,  that  the  legs  stand  parallel  to  the 
windings  and  which  either  itself  consists  of  a  smaU  horse  shoe 
magnet  or  is  magnetized  by  induction  by  a  steel  magnet  placed 
outside  of  the  frame. 

It  has  for  the  first  time  become  possible  by  the  use  of  this 
instrument,  properly  to  observe  and  prove  in  a  line  not  working 
itself,  such  occurrences  as  translation  induction  and  charging 
phenomena.  It  is  besides  the  only  galvanoscope  which  could  be 
used  with  Hughes'  apparatus. 

The  following  remarks  will  serve  for  the  further  explanation  of 
Fig.  189  and  140. 
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Fig.  139  shows  the  nae  of  the  hair-pin  BjBtem  as  a  detector 
galranoBcope.  The  frame  a  a  leceiving  the  windings,  is  screwed 
to  the  back  of  the  casing  hj  means  of  four  wood  screws  which  are 
indicated  by  dotted  lines.  The  frame,  which  contains  the  bearings 
of  the  needle,  is  fixed  to  the  back  wall  of  the  plate  provided  with 
the  zero  line,  before  which  the  index  plays,  and  together  with  it 
can  be  poshed  in  from  the  front  into  the  frame  and  taken  oat. 

The  rod  i  on  which  the  magnet  M  can  be  raised  and  lowered  by 


Fig.  110. 


means  of  the  knob  X,  for  which  the  peg  F  serves  as  guide,  goes 
thtongh  a  stnffing  box  in  the  cover  D  of  the  casing.  This  consists 
of  a  thick  ebonite  ring  pushed  over  the  rod  and  lying  in  a  cylin- 
drical boring  in  the  cover,  a  metal  ring  lying  on  this,  and  the 
cross-piece  d  also  provided  with  a  boring  for  the  rod  i,  which  is 
drawn  together  by  wood  screws,  and  thereby  presses  the  ebonite 
ring  fast  to  the  rod. 

Fig.  140  shews  the  table  galvanometer  of  the  Indo-European 
line,  and  a  front  view  of  the  complete  galvanoscope  as  well  as  a 
Tertical  section  through  the  axis  of  the  needle  and  the  zero  line. 

The  winding  frame  a  a  is  here  tdso  fixed  with  i  wood  screws  to 


312  THE   SCIENTIFIC  PAPERS,   ETC.,    OF 

the  back  of  the  casing.  The  needle  frame  h  h  v&  pushed  into 
it  from  the  front  and  is  snpported  in  its  place  by  two  springs//, 
fixed  to  the  removable  front  of  the  casing  m  m  is  the  small 
regulating  magnet,  «  «  are  two  hinges,  about  which  after  removal 
of  the  pin  r,  the  front  of  the  casing  A  and  the  cover  firmly 
fixed  to  it  can  be  folded  up,  whereby  the  frame  a  a  and  the  frame 
&  &  are  accessible.  To  assign  narrow  limits  to  the  play  of  the 
needle,  special  stop  pegs  are  placed  here.  The  metal  blocks  at  the 
foot  of  the  instrument  L  and  R  to  which  the  beginning  and  end 
of  the  windings  are  connected  and  which  bear  the  terminals  serv- 
ing for  inserting  the  instrument,  approach  closely  to  one  another  in 
the  middle,  and  when  the  instrument  is  to  be  disconnected  from 
the  circuit,  their  end  surfaces  can  be  directly  connected  together 
placing  a  plug  in  a  conical  boring  provided  for  that  purpose. 


ALTERNATING  CURRENT-KET  WITH  DISCHARGING 
CONTACT  (SUBMARINE-KEY)  FOR  THE  INDO- 
EUROPEAN   TELEGRAPH    LINE.* 

The  Key  diflfers  from  the  usual  Morse  Key  in  the  first  place  in 
that,  the  movable  part  of  it  consists  of  two  levers,  1  and  2,  lying 
on  top  of  one  another  (Fig.  141).  The  lower  1  is  insulated  from 
the  middle  piece  3  to  which  it  is  fastened  by  screws,  and 
turns  with  this  around  the  main  axle  a  of  the  Key,  which  has 
its  bearing  in  the  block  V.  The  stroke  of  the  lever  1  is  as  great 
as  in  the  ordinary  Morse  Key,  and  is  limited  by  means  of  two 
contacts  m  and  n  of  which  the  first  is  brought  into  connection  with 
the  carbon  pole  of  the  positive  battery,  and  the  latter  with  the 
zinc  pole  of  the  opposite  battery. 

The  lever  2  turns  with  much  greater  play  around  an  axis 
h  parallel  to  the  axis  a  (Fig.  142)  which  is  pivoted  in  the  fork- 
shaped  back  part  of  the  metal  piece  8.    On  this  lever  2  the  spring 

*  (Journal  of  the  Deutsch-Oesterr.  Telegraphen  Verein,  Vol.  16,  p.  97., 
1868. 
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f  acts  BO  that  the  front  end,  on  which  the  knob  K  restB,  ie  drawn 
up,  and  the  back  end  provided  with  a  platinum  contact,  is  pressed 
hard  against  the  somewhat  elastic  contact  0.  This  is  in  condactive 
connection  with  the  earth  through  the  windings  of  the  electro- 
magnet of  a  polarized  ink  writer  or  rela^  S  (Fig.  142). 

The  line  is  connected  to  the  hearing  block  b'  and,  as  the  leTer 

Fig.  141. 


2  is  in  permanent  metallic  connection  with  it  tbrongh  the  two  axe 
and  the  metal  piece  8  as  well  as  through  the  spring/,  the  arriving 
current  passes  to  the  contact  0,  when  the  Key  is  in  the  position  ot 
rest,  and  acts  on  the  writer  or  relay.  If  a  message  is  to  be  sent 
with  the  Key,  the  operator  presses  down  the  knob  K  whereby  he 
torus  the  lever  3  around  its  axis  b.  He  then  first  interrupta  the 
contact  0,  and  in  place  of  it  makes,  towards  the  end  of  the  stroke 
metallic  connection  between  the  two  levers  I  and  2,  whilst  the 
contact  spring  r  fixed  to  the  underside  of  the  lever  2,  lies  on  a 
platinum  pin  fixed  to  the  lower  lever.     A  moment  later  the 
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front  end  of  the  lever  2  lies  on  the  lever  I,  and,  from  now  forwani 
both  levers  act  oh  one,  turning  as  a  whole  around  the  axle  a,  which 
la  in  Gonnectioa  with  the  line,  and  which  is  pressed  strongly  against^ 
the  contact  n  by  the  spring  /  the  point  of  application  of  which  is 
coDsiderablj  away  from  the  axle  a.  T!ie  sending  of  the  message 
now  follows  OS  with  the  nsnal  Morse  Key.  A  presanre  brings  the 
contact  m  to  bear,  through  which  the  positive  battery  sends  n 

Fig.  H2. 


0!<<Ci: 


positive  current  through  the  line ;  by  removing  tbe  pressure,  the 
springs  bring  the  lever  against  the  contact  n  and  thereby  the  line 
to  the  zinc  pole  of  the  opposite  battery.  Of  course  the  other  poles 
of  both  batteries  are  to  earth.  The  correct  position  of  the  point 
of  application  of  the  spring  /  is  of  importance  foi-  satisfact.ory 
working.  This  indeed  when  the  lever  2  is  depressed,  lies  exactly 
perpendicularly  above  its  axis  S.  In  consequence  of  this,  the  force 
which  seeks  to  separate  both  levers  is  so  slight,  that  it  is  not  fel:. 
by  the  working  hand,  all  the  less  as  a  strong  pressure  is  required 
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to  press  down  the  lever  1.  By  the  spriDgiDg  back  of  the  lever  2 
nevertheless,  which  follows,  as  soon  as  the  knob  E  is  leit  quite 
free,  the  point  of  application  of  the  spring  /  moves  a  little  side- 
ways from  the  axis  h  so  that  the  pressure  on  the  rest  contact 
becomes  powerful  enough. 

To  prevent  the  charging  current  of  the  lines  from  passing  into- 
the  relay  or  writer,  the  lever  2,  before  it  touches  with  its  back  end 
the  relay  contact  0,  is  brought  temporarily  into  contact  with  the 
earth.  The  smaller  lever  4  which  rotates  about  a  neck  screw  S,  is 
fixed  sideways  from  the  back  end  of  the  lever  2  and  reaching  up- 
over  the  same,  and  this  is  brought  down  by  means  of  a  spiral 
spring  as  far  as  a  pin  stuck  in  lever  2  allows.  Under  the  project- 
ing end  of  lever  4  stands  the  earth  contact  p  but  so  that  it  does 
not  touch  this  end  so  long  as  the  Key  works.  As  soon,  however,. 
as  the  lever  2  springs  up,  it  sinks,  and  produces  directly  after  the 
contact  between  the  levers  1  and  2  is  interrupted  at  r,  the  connection 
between  the  line  and  earth.  As  however,  whilst  the  front  end  of 
4  lies  on  the  contact  p^  the  fulcrum  of  this  lever  8  with  the  back 
part  of  the  lever  1  sinks  somewhat  further,  the  lever  4  comes  soon 
into  contact  with  the  head  of  the  pin  v  lying  somewhat  lower  than 
the  contact  p. 

This  strikes  the  lever  near  to  its  fulcrum  and  on  a  further 
lowering  of  it,  lifts  it  again  off  the  earth  contact,  whereby 
finally  by  reaching  the  position  of  rest  the  connection  of  the  line 
with  the  relay  or  ink  writer  again  takes  place  in  the  contact  0^ 
Naturally  the  pin  v  does  not  stand  in  conductive  connection  with 
the  earth. 

The  new  alternate  current  Key  does  in  reality  the  same  a& 
Siemens  and  Halske's  already  frequently  described  submarine  Key,, 
it  avoids  a  special  commutator  the  moving  of  which  might  be  for- 
gotten. The  inconvenience  in  consequence  of  which  the  older 
submarine  key  could  not  obtain  proper  introduction,  that  namely 
the  side  puU  which  had  to  be  continually  exercised,  fatigued  the 
telegraphist,  is  quite  got  rid  of  with  the  new  key  in  the  manner 
described.  Besides  the  arrangement  for  discharging  the  liue  ia 
much  improved. 
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MORSE  WRITER  FOR  ALTERNATING  CURRENTS 
WITH  AUTOMATIC  RELEASE  AND  TRANSLATION 
ARRANGEMENT  FOR  THE  INDO-EUROPEAN 
TELEGRAPH    LINE.* 

The  ink  writer  of  the  Indo-Earopean  Telegraph  line,  is  arranged 
for  the  receipt  both  of  hand  writing  and  of  automatic  quick  writing. 
It  is  essentially  an  ink  writer  of  our  construction  with  the  spring 
drum  placed  outside,  removable  ink  vessel  and  centrifugal  regulator, 
which  within  optional  limits  can  alter  suddenly  the  rate  of  motion 
of  the  clockwork. 

Fig.  143  gives  a  full  front  view.  Fig.  144  a  full  back  view  of 
the  writer. 

The  arrangement  of  the  electro-magnet  system  is  new  :  it  con- 
sists of  a  cylindrical  iron  core  which  is  pivoted  within  a  bobbin  C 
fixed  between  the  plates  of  the  clockwork,  and  wound  with  covered 
Qopper  wire  and  on  the  ends  of  which  projecting  out  of  the  bobbin 
are  fixed  perpendicularly  the  arms  ;  and  q^  so  that  it  forms  with 
them  a  sort  of  horse-shoe.  These  arms  forming  the  legs  of  the 
horse-shoe  lie  in  a  horizontal  position,  the  former  before  the  front, 
the  other  behind  the  back  of  the  frame  of  the  apparatus.  Opposite 
to  them  stand  the  poles  of  a  horse-shoe  steel  magnet  M,  which  is 
pushqd  from  above  over  the  writer,  and  for  regulating  the  apparatus 
is  raised  or  lowered  by  turning  the  screw  o  thereby  turning  on  a 
long  lever  arm  around  the  axle  p  lying  at  a  distance.  The  attraction 
which  the  magnet  exerts  on  the  limbs  of  the  electro-magnet  core, 
acts  against  the  spring  f\  the  tension  of  which  can  be  regulated 
by  the  screw  R.  Now  accordingly,  as  a  positive  or  negative  cur- 
rent passes  through  the  convolutions  of  the  wire,  and  thereby 
imparts  to  the  arms  of  the  electro-magnet  the  one  or  other  polarity, 
the  attraction  of  the  magnet  M  or  the  pull  of  spring  /  prepon- 
derates if  rightly  adjusted.  The  electro-magnet  is  thereby  brought 
into  one  of  its  positions  of  rest,  which  are  given  by  the  stops  s  and  t 

*  (Journal  of  the  Deutsch-Oesterr.  Telegraphen  Verein,  Vol.  16,  p.  99.) 
1868. 

+  This  is  supported  by  a  second  spring  shewn  dotted  in  Fig.  143,  which  is 
intended  to  hold  the  bent  lever,  carrying  the  motion  of  the  screw  R  to  the 
spring/  with  its  vertical  arm  always  securely  against  the  screw  B. 
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(or  translation  contacts)  in  which  it  remains,  even  after  the  last 
current  impulse  has  vanished. 

If  it  is  desired  to  work  only  with  a  direct  current,  the  spring/ is 
drawn  somewhat  tighter,  so  that  it  effects  by  itself  the  drawing  off 


Fig.  143. 


of  the  core,  when  the  current  in  the  windings  ceases.  To  the 
front  limb  of  the  electro-magnet  core  is  fixed  the  arm  u  in  the  end 
of  which  the  little  ink  disc  is  pivoted;  to  the  hind  limb  q^  is  fixed 
the  German  silver  arm  d  (Fig.  144)  which  brings  about  the  auto- 
matic release  of  the  clockwork.  The  mechanism  necessary  for  this 
lies  on  the  outer  portion  of  the  back  plate  and  works  in  the 
following  way : — 


i8 
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When  at  rest^  the  arm  %  which  is  fixed  to  the  axle  of  the  grooved 
paper-carrying  roller,  lies  with  its  end  against  the  axis  h.  The 
latter  is  at  the  point  where  %  touches  it,  half  filed  through  and  so 
turned  that  the  point  of  the  arm  %  lies  at  its  periphery  near  to  the 

Fig.  144. 


rim  of  the  filed  part,  therefore  a  slight  turning  of  the  axle  h  is 
necessary  to  allow  the  arm  to  pass  through  the  filed  part,  and 
thereby  to  let  the  works  move. 

In  the  direction  of  this  revolution  the  spring  hy  acts  on  an  arm 
fixed  within  the  case  perpendicular  to  the  axis  A,  this  arm  can 
nevertheless  not  follow  in  the  position  of  rest  because  the 
small  steel  hook  e  holds  the  curved  arm  g,  which  is  firmly  fixed 
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to  it  by  a  pin  projectiDg  oat  sideways.  Directly  ander  this 
liook  lies  the  end  of  the  Grerman  silver  arm  dy  referred  to.  This 
rises  at  the  beginning  of  each  sigDaly  strikes  against  the  hook» 
and  thereby  raises  this  ;  thns  the  arm  g  becomes  &ee,  the  axle  h 
turns  so  far,  that  the  point  of  the  arm  %  can  pass,  and  the  wheel 
work  begin  to  turn. 

To  bring  about  the  automatic  stopping  of  the  clockwork  at  each 
pause  that  occurs  in  the  sending,  the  pin  i^  is  placed  on  the  arm  t . 
This  acts  in  such  a  way  on  the  arm  g  when  t  turns  round  that  it 
pushes  back  the  latter  a  little  beyond  its  position  of  rest,  once  in 
«very  revolution  just  after  %  has  passed  under  the  half  axle  h^  and 
so  gives  the  hook  e  the  opportunity  to  catch  it  again  ;  this  can  how- 
-cver  only  occur  permanently,  when  the  electro-magnet  and  with  it 
the  German  silver  arm  d  are  in  the  position  of  rest.  In  this  case, 
^  little  after  the  hook  has  seized  the  arm  g^  the  point  of  the  arm  % 
«trikes  against  the  rim  of  that  half  of  the  axle  h  which  is  not  cut 
out,  and  arrests  the  clockwork  after  the  last  sign  has  just  appeared 
on  the  paper  strip  behind  the  roller. 

In  order  that  the  wheel  work  may  not  be  damaged  at  the 
moment  of  the  stoppage  by  the  momentum  existing  in  the  ball 
regulator  the  pinion  of  the  axle  of  the  paper  roller  is  not  rigidly 
oonnected  with  this  biit  fixed  to  it  only  with  slight  friction,  as  it 
is  pressed  by  a  spii'al  spring  against  a  projection  of  the  axis.  The 
regulator  is,  therefore,  not  compelled  to  stop  suddenly  with  the 
stoppage  of  the  paper  roller. 

The  necessary  insertion  and  withdrawal  of  the  second  writer  or 
opposite  battery  for  translating  by  means  of  the  alternating 
ourrent,  as  well  as  the  discharge  of  the  line  to  earth  before  the 
insertion  of  the  writer,  is  effected  by  the  automatic  release  in  the 
following  way. 

The  axle  h  is  not  firmly  pivoted  at  that  end  against  which  the 
arm  « strikes,  but  in  one  end  of  the  double  armed  lever  I,  This 
oan  turn  through  a  small  angle  around  the  axis  Y,  by  which  it 
leads  the  filed  part  of  the  pin  A  in  a  circular  arc,  which  is  a  tan- 
gent to  the  circle  described  by  the  point  of  the  arm  i.  Naturally 
both  pivot  holes  of  the  axle  hy  of  which  one  lies  in  the  front  plate, 
are  bored  so  wide,  that  they  admit  the  oblique  position  of  the 
axle.  The  piece  u  is  screwed  on  to  the  lower  end  of  the  lever*  Z, 
but  insulated  from  it,  and  in  this  a  small  lever  v  turns,  which  has 
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three  contact  pieces  tipped  with  platinnm.  This  is  pressed  by  a 
small  spring  with  the  upper  end  to  the  left,  against  a  pin  fixed 
to  n.  A  spiral  spring  draws  the  lever  Z,  and  forms  at  the  same 
time  its  conductive  connection  with  the  contact  of  rest  b  on  the 
writing  lever,  and  eventually  with  the  line. 

By  the  pull  of  this  spring,  as  long  as  the  clockwork  is  in  motion, 
the  piece  v  is  pressed  against  the  contact  z  (pole  of  the  negative 
battery)  and  through  this  against  the  stop  mentioned,  so  that  the 
lever  is  thus  held  in  the  position  shown  in  Fig.  144,  where  its 
upper  end  has  its  outermost  bearing  to  the  left. 

Shortly  before  the  stoppage  of  the  clockwork,  the  arm  i  presses 
against  the  axis  h  and  thus  moves  the  upper  end  of  Z  to  the  right, 
the  piece  v  with  the  contacts  to  the  left.  Thereby  the  contact  z 
is  first  interrupted,  and  immediately  thereafter  by  the  touching  of 
the  contact  screw  w  and  the  lever  v  the  connection  of  the  line  with 
the  earth,  and  so  the  discharge  of  the  former  is  brought  about. 
A  little  later  the  contact  lever  v  is  met  by  the  somewhat  lower 
lying  contact  screw  x,  which  by  the  further  rotation  of  the  lever  I 
again  removes  it  from  the  screw  w,  thus  breaking  the  connection 
of  the  line  with  earth  and  making  that  with  the  second  writer. 
Lastly  the  lever  v  lays  itself  with  its  lower  end  against  the  stop  t\ 
(which  is  equally  in  connection  with  the  second  inker).  By  this 
means  the  lever  I  has  arrived  at  its  second  limiting  position,  where 
its  upper  end  has  the  farthest  position  to  the  right  and  the 
clockwork  stops.  Fig.  144  shows  the  moment  when,  after  com- 
pletion of  the  correspondence,  and  shortly  before  stopping  the 
work,  the  arm  %  has  just  reached  the  axle  h^  and  now  begins  to 
push  it  back  and  so  to  turn  the  lever  h 

If  the  self-starting,  together  with  the  translation  arrangement 
connected  with  it,  are  to  be  put  out  of  play,  the  lever  h,  which 
projects  beyond  the  cover  of  the  apparatus,  is  pressed  to  the  right ; 
a  pin  on  its  lower  end  then  continuously  raises  the  hook  e,  so  that 
it  Ues  permanently  beyond  reach  of  the  pin  projecting  beyond 
the  under  end  of  the  arm  g,  so  that  the  arm  %  can  always  freely  pass 
through  the  slit  of  the  axle  h.  Naturally  the  apparatus  possesses 
in  this  case  a  stop  of  the  usual  construction,  with  brake,  and  spring 
bearing  against  it. 

All  the  mechanism  lying  at  the  back  of  the  back  plates  are 
protected  by  means  of  a  casing  of  glass  against  dust  and  injury. 
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The  centrifugal  governor  has  a  somewhat  different  constmction 
from  that  shown  in  the  Idth  year  of  this  journal,*  it  is  some- 
what easier  to  make  and  has  some  advantages  in  action :  instead 
of  two  balls  on  curved  springs  two  pear-shaped  metal  bodies  are 
nsed,  which  fixed  to  straight  springs  lie  along  their  whole 
length  close  to  the  axle.  The  cylindrical  axle  has  at  the  cori-e- 
sponding  part  a  somewhat  greater  diameter,  and  is  on  the  two 
opposite  sides,  where  the  springs  touch,  somewhat  cut  away  in  the 
direction  of  its  length,  so  that  in  the  position  of  rest  the  springs 
lie  with  their  outer  edges  within  the  cylindrical  surface  of  the 
axle.  In  this  way  it  was  possible  to  push  instead  of  the  disc 
formerly  used,  a  simple  cylindrical  box  of  somewhat  greater  length 
over  the  axle  and  springs,  provided  with  two  slits  for  the  springs. 
The  adjustment  of  this  box  takes  place  by  means  of  a  single  lens- 
shaped  disc,  which  may  be  pushed  in  and  out,  whilst  formeriy  two 
were  used,  laid  in  a  fork-shaped  stirrup.  The  construction  is,  as 
already  said,  simpler,  and  acts  more  surely,  as  the  springs  lie  fast 
on  the  axle  above  the  removable  box,  and  cannot  bend  through 
as  is  the  case  in  the  old  construction. 

The  connection  of  the  two  writing  apparatus  of  the  construc- 
tion described  is  sketched  in  Fig.  145.  This  requires  no  further 
explanation  after  what  has  been  said ;  the  handles  of  the  two 
commutators  are  moved  to  T  for  translation,  and  to  S  for 
receiving. 

The  above  described  construction  of  writer  was  prompted  by 
the  experience  we  gained  that  oscillating  magnet  cores  which  have 
not  to  magnetize  armatures  by  induction,  work  far  more  quickly 
and  safely  than  any  other  system.  The  second  magnet  of  our 
induction  pointer  telegraph  is  replaced  in  the  Indian  writer  by  a 
spring,  which  modification  is  of  special  advantage  for  work  with 
direct  currents  and  permits  of  simpler  regulation.  With  the  use 
of  alternate  currents  this  spring  naturally  does  not  act  in  the 
sense  of  a  pulling-off  spring,  on  the  contrary^  it  is  then  so  r^ulated 
that  the  electro-magnet  continues  to  lie  against  each  of  the  two 
stops  under  the  influence  of  the  steel  magnets,  and  is  only  made 
to  oscillate  by  the  impulse  of  current  of  alternate  direction. 

The  automatic  release  is  first  of  all  intended  to  undertake  the 

*  See  pp.  233-287  of  this  collection. 
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change  of  connecfcionB  necessary  for  the  translation  of  alternate 
cnrrentSy  i,$.^  at  each  beginning  of  the  translation  to  pnt  the 
negative  battery  in  place  of  the  second  writer  on  to  tiie  rest 
contact  of  the  lever. 

If  the  antomatic  release  is  only  desired  as  such  the  whole  contact 
arrangement  is  omitted  and  the  half  filed  axle  h  is  firmly  pivoted 
in  a  small  angle-piece. 


SIEMENS  AND  HALSKE'S  TELEMETER  WITH 
INTERSECTING  POINTERS  AND  WITH  MIRROR 
READING* 

1.  Telemeter  with  Intersecting  Pointers, 

The  two  apparatus  used  for  measurement  are  set  up  at  a  known 
distance  apart,  which  serves  as  a  basis  for  the  distance  to  be  deter- 
mined. If  the  latter  is  to  be  measured  from  one  end  only  of  the 
base,  the  apparatus  are  arranged  according  to  the  following 
diagram  (Fig.  146). 

Each  of  the  two  parts  carries  a  telescope  (F^  F,)  with  cross 
wires  which  turns  round  the  respective  end  point  of  the  base, 
and  serves  for  observing  the  distant  object.  The  telescope  of 
one  apparatus  A  carries  a  pointer  d^  the  straight  edge  of  which 
passes  through  the  axis  of  the  telescope  and  is  in  the  same  direc- 
tion as  the  line  of  sight.  By  turning  the  telescope  it  glides  over 
a  surface  of  wood  or  metal.  A  second  pointer  g  turns  around  the 
axis  h  so  that  it  remains  at  very  little  distance  from  the  surface  in 
question  and  slides  over  the  pointer  cL  The  distance  of  the  two 
axes  A  and  ^  is  in  a  determined  proportion  to  the  base  A  B,  and 
the  apparatus  is  so  set  up  that  the  latter  passes  through  both  axes. 
For  this  purpose  the  small  telescope  /i,  fixed  to  the  board,  serves, 
which  is  directed  to  a  corresponding  mark  drawn  on  the  other 
apparatus  B.  Before  the  measurement  begins  the  telescope  F^  and 
the  pointer  g  must  be  parallel.  For  this  purpose  a  mark  on  A  is 
flighted  with  the  fixed  telescope/,  of  apparatus  B,  and  the  pointer 

*  1868. 
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g  and  telescope  F„  set  to  correqtonding  marks  or  stope,  of  which 
aB  luaDy  as  desired  can  be  arranged. 

Now  both  obserrere  direct  their  telescopes  to  the  object  whose- 
distance  fi-om  A  is  to  be  measared,  the  one  at  A  by  tnming 
dirtctlj  by  hand,  the  other  with  the  help  of  the  handle  K.  By 
the  latter  an  endless  screw  is  tamed  which  gears  into  a  toothed 
sector,  firmly  fixed  on  the  axis  of  the  teleecope,  besides,  by  meana 
of  a  toothed  wheel  and  pinion  the  armature  of  a  magneto  in- 


7ig.  146. 


ductor  J  of  our  coustmction  is  set  in  rotation.  The  altemate- 
cnrrents  thoa  generated  pass  through  two  condnctors  and  earth  at 
A  to  an  electro-magnetic  apparatus  E,  which  again  with  the  help 
of  an  endless  screw  and  a  toothed  sector  turns  the  pointer  g  in 
anch  a  way  that  it  always  remains  parallel  with  the  telescope  F„ 
no  matter  whether  the  observer  at  B  tnms  forwards  or  backwards.* 
Hence  the  intersecting  edges  of  the  pointers  d  and  g  and  the 
line  A  b  form  a  triangle,  whiob  is  similar  to  the  triangle  formed 
by  the  lines  of  sight  and  the  base  A  B,  as  all  the  corresponding 


*  The  electro-mBAnetic  •pporatus  E  cousiatB  similarlj  to  thst  canstructed  to- 
meaaqra  water  levels  shewn  at  p.  263  of  this  collection  of  two  combined  mag- 
Detic  pointers,  which  work  round  on  the  some  Sixis  in  opposite  directions  ;  on 
this  axis  is  the  endlesa  kkw  which  turns  the  pointer  t  by  means  of  th« 
toothed  sector. 
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«ide8  have  the  same  direction.    The  piece  of  the  edge  of  g  cat  off 
by  (^  is  directly  proportional  to  the  distance  to  be  measared. 

This  can  be  read  at  the  point  of  intersection  of  both  pointers 
if  each  is  divided  in  the  corresponding  proportion  of  A  d  to  A  B. 
If  the  apparatus  used  for  coast  batteries  is  to  show  when  an 
•enemy's  ship  passes  a  mine,  a  plan  of  the  mine  field  is  placed 
under  the  pointer  on  which  the  points  A  and  h  represent  the 
points  A  and  B  of  the  ground.    If  both  observers  keep  the  same 


Fig.  147. 


part,  for  instance  the  mainmast  of  the  moving  ship  on  the  vertical 
thread  of  their  cross  wires,  the  moving  point  of  intersection  of 
both  pointers  represents  the  course  of  the  ship  on  the  plan. 

If  the  respective  distances  of  an  object  are  to  be  measured  from 
both  ends  of  a  base,  each  apparatus  possesses  a  magneto  inductor 
(Ji  and  Ja,  in  Fig.  147),  by  the  turning  of  which  the  observer 
directs  his  telescope  with  pointer  {d^  d^  mechanically  to  the 
object ;  also  a  second  pointer  (^1  ^,)  which  is  maintained  parallel 
to  the  distant  telescope  by  the  currents  of  the  other  inductor. 
Both  apparatus  are  otherwise  made  quite  symmetrical  to  one 
another. 
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2.  TeUnuier,  with  Mirror  Heading. 

The  previoosly  described  apparatus  are  only  available  when  a 
sufficiently  long  base  is  at  diBposal.  In  couBeqaence  of  the  angle 
at  which  the  edges  of  the  pointers  cross,  the  reading  is  not  leliabie, 
whenever  the  distance  to  be  meaeared  exceeds  three  times  the  base. 
When  sighting  objects  in  motion  the  distance  cannot  be  read  off 
by  the  same  observer  who  directs  the  telescope ;  besides  the 


apparatus  are  in  consequence  of  the  long,  lightly  constructed 
pointers,  somewhat  ouwieldy  and  not  fit  for  freqnent  transport. 

These  objections,  which  make  telemeters  with  intersecting 
pointers  in^plicable  for  use  on  ships  or  in  the  field  are  overcome 
in  the  apparatns  shown  in  diagram  in  Fig.  148. 

Both  parts  stand  on  tripods  of  simple  construction,  by  which 
the  alignment  of  the  telescopes  /,  /,  can  be  efl'ected,  and  without 
interfering  with  this,  the  elevation  of  the  telescopes  F]  F,  to  be 
directed  to  the  object  can  be  altered. 

The  condnctois  L  consist  of  a  three-cored  cable,  with  which 
also  the  base  A  B  is  measured  when  used  in  the  field. 

The  part  to  be  set  up  at  the  end  B  of  the  base  is  the  same  as 
that  used  by  us  in  the  previously  described  apparatus  with  pointers* 
By  turning  the  handle  E  one  observer  directs  his  telescope  F,  to 
the  distant  object,  and  at  the  same  time  quickly  turns  the  arma- 
ture of  the  inductor  J,  which  sends  its  currents  into  the  electro- 
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magnetic  apparatus  E  at  the  other  end.  This  rotates  by  means 
of  an  endless  screw  and  toothed  sector,  instead  of  the  long  pointer 
the  small  vertically  fixed  mirror  S  around  C  in  the  same  direction^ 
and  just  half  aa  quickly  as  the  simultaneously  turning  telescope 
F,.  In  this  mirror  the  observer  A  sees  in  the  lower  half  of  his 
object  glass  the  ivory  scale  A,  which  is  made  clear  for  him  by 
means  of  a  movable  half  lens  r,  with  the  upper  half  of  the  object- 
glass  he  views  the  distant  mark  above  the  half  lens  and  the  edge 
of  the  mirror,  so  that  scale  and  object  lie  in  the  telescope. 

In  order  to  direct  the  telescope  to  the  object,  it  is  turned  con- 
centrically with  the  mirror  S  around  c,  whereby  the  independent 
turning  of  the  mirror  is  not  interfered  with.  By  means  of  two 
toothed  sectors,  one  of  which  is  fixed  to  the  telescope  support,  the 
other  to  the  scale,  and  the  toothed  rod  d^  which  gears  with  its  ends 
in  it,  the  scale  is  turned  about  the  point  a  equally  quickly  in  the 
other  direction.  As,  moreover,  the  telescope  axis  and  scale  simul- 
taneously stand  perpendicularly  to  a  c,  the  angle  which  the  scale 
forms  with  acis  always  equal  to  the  angle  of  the  line  of  sight  at 
F^,  with  the  extension  of  a  cor  the  base  A  B. 

Before  the  measurement  begins,  both  telescopes  Fi  and  F,  are 
arranged  parallel  to  one  another  in  the  usual  manner.  The  ob- 
server at  A  also  turns  with  his  hand  the  mirror  S,  so  that  he  sees 
the  zero  point  a  of  the  scale  on  the  vertical  thread.  For  this  the 
spindle  is  temporally  put  out  of  gear  with  the  sector.  If  now  both 
telescopes  are  turned  through  the  same  angle  of  any  size,  so  that 
they  remain  parallel  to  one  another,  then  from  what  precedes  since 
the  mirror  S  turns  with  it  through  half  the  angle,  the  vertical 
threads  of  Fj  remain  unaltered  on  the  zero  line  of  the  scale. 

If,  however,  both  telescopes  are  directed  to  a  finitely  distant 
point  the  mirror  a  remains  behind  by  half  the  angle  of  convergence 
of  both  telescopes. 

The  main  ray  passing  through  the  cross  wires  after  refiection 
M\b  no  longer  on  the  mirror  in  the  direction  a  c,  but  forms  with 
it  the  full  angle. 

The  observer  at  A  therefore  no  longer  sees  the  zero  line  on  the 
vertical  thread  simultaneously  with  the  distant  object,  but  another 
division  of  the  scale  distant  from  the  first  by  a  b. 

As  the  angle  y  occurs  also  at  the  point  C  in  the  large  triangle 
ABC  formed  by  the  lines  of  sight,  and  this  latter  besides  y  as 
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mentioned^  has  also  the  angle  a  common  with  the  triangle  aic^ 
these  two  triangles  are  similar  to  one  another.  Hence  if  D  is  the 
distance,  AG  to  be  measnred,  w  the  distance  ah  oi  the  division 
appearing  in  the  thread  cross  reckoned  from  the  zero  line  of  the 
scale. 

AB  .  ac 


D  = 


w 


If,  for  instance,  the  base  A  B  measured  by  the  cable  =  100  paces, 
the  permanent  distance  a  cs  150°^"^  as  given  by  the  construction 
of  the  apparatus,  and  the  scale  is  also  divided  into  millimetres, 
starting  from  a,  then  the  distance  to  be  determined  is  calculated 

^     100  .  150  ^„^„ 

D  = paces, 

iff       *" 

hence  we  obtain,  for  instance, 

«;=   imm    D  « 15000  paccs 

The  scale  h  is  in  this  case  divided  into  tenths  of  a  millimetre^ 
which,  magnified  by  the  telescope  can  be  easily  read.  Hence,  for 
instance,  the  distance  between  8000  and  1500  paces  can  be  divided 
into  50  parts. 

In  the  apparatus  with  pointers  the  latter  would  have  to  be  S*" 
long  so  as  to  be  able  to  measure,  in  the  case  in  question,  the 
distance  of  1500  paces. 

If  the  above  equation  is  solved  for  w 

100  X 150 


w^   2„ 

D=  7500 

w^   5„ 

D=»  8000 

tt?-10„ 

D-  1500 

w  = 


D 


then,  according  to  this  equation  the  scale  can  be  directly  divided 
according  to  the  distances.  With  proper  arrangement  of  both 
apparatus  the  observer  then  sees  simultaneously  with  the  object 
that  number  of  the  scale  on  the  vertical  thread  of  his  telescope, 
which  represents  the  distance  of  the  object. 
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PROPOSAL  FOB  AN  ELECTEIC  VOTING  TELEGRAPH  * 

The  electric  voting  telegraph  as  proposed  by  me  already  ten 
years  ago  to  the  then  President  of  the  House  of  Deputies  is 
represented  in  the  following  plan  in  ^th  of  its  natural  size. 
(Fig.  U9.) 

It  has  a  double  object.  In  the  first  place,  it  has  to  give  with 
certainty  on  three  counters  the  total  number  of  voters,  and  the 
number  of  Ayes  and  the  number  of  Noes.  The  control  of  the 
correctness  of  these  numbers  consists  in  the  sum  of  the  Ayes  and 
Noes  agreeing  with  the  total  number. 

Secondly,  the  apparatus  has  to  mark  clearly  in  oil  colours  on  a 
paper  strip,  which  is  printed  with  the  names  of  all  the  deputies, 
opposite  the  name  of  each  one,  who  has  given  his  vote  whether  he 
has  voted  Aye  or  No. 

The  way  the  voting  takes  place  is  that  on  the  challenge  of  the 
President,  each  deputy  goes  to  his  place,  and  turns  the  voting 
lever  to  the  right  or  left,  according  as  he  proposes  to  vote  Aye 
or  No. 

To  make  this  possible  for  the  deputy  concerned  only  and  not 
for  anybody  else,  the  turning  of  the  voting  lever  is  effected  by 
means  of  a  key,  which  fits  only  into  one  place,  and  which  is  handed 
to  the  possessor  of  the  same.  When  the  president  is  satisfied  that 
all  voters  have  turned  their  voting  levers  then  he  causes  a  servant 
of  the  house  to  turn  the  handle  marked  with  E  until  it  comes  to 
a  stop, «.  6.,  with  800  voters  about  20  times.  By  means  of  this 
operation  which  is  effected  in  about  half  a  minute  the  magneto 
inductor  A  is  turned  as  often  as  there  are  voting  places,  and  an  equal 
number  of  electric  alternating  currents  are  thereby  generated. 
By  the  revolution  of  the  magneto  inductor  by  means  of  the  endless 
screw  ty  the  lever  w  is  turned  simultaneously.  At  the  end  of  this 
lever  contact  springs  are  fixed,  which  through  the  forward  motion 
of  the  lever  glide  over  the  contacts  y  which  are  fixed  on  the 
periphery  of  the  disc  B.  Each  of  these  contacts  y  is  connected  by 
means  of  a  special  wire  with  the  voting  lever  of  each  deputy.    In 

*  Memotial  to  the  House  of  Deputies,  1870. 
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this  way  by  means  of  the  above  mentioned  condnctor  two  cnrrents 
of  alternate  direction  are  led  after  each  other  to  each  voting  lever. 
According  to  the  position  of  the  lever  on  Aye  or  No,  these  cnrrents 


Fig.  149. 


C^  f  '^y^  Y  T 


are  conducted  to  the  Aye  or  No  line^  and  set  the  magnets  inserted 
in  them  in  motion. 

The  armatures  of  these  magnets  carry  colour  or  writing  wheels 
whicbmark  by  the  name  of  the  respective  deputy  the  Aye  or  No 
vote  on  the  perforated  paper  strip  marked  with  0.  Simultaneously 
these  armatures  move  the  Aye  and  No .  cotmters  connected  with 
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Uie  apparatus,  which  totaluse  the  votes.  In  the  indnctor  wire  is 
farther  inserted  the  electro-magnet  of  the  voting  connters,  which 
soms  the  number  of  all  the  alternating  carrents  which  have  come 
in  the  circuit.  As  these  carrents  can  only  appear,  when  the 
corresponding  voting  lever  is  turned  to  the  right  or  left,  and 
the  electric  circuit  is  thus  completed,  then  the  reading  of  this  vote 
counter  must  be  equal  to  the  sum  of  the  readings  ot  the  Aye  and 
No  counters,  if  the  apparatus  works  faultlessly.  All  the  mecha- 
nisms coming  into  use  have  been  thoroughly  tried  in  telegraph 
practice,  so  that  there  can  be  no  doubt  of  the  safe  working  of  the 
apparatus  if  well  carried  out.  The  leading  wires  from  the  voting 
apparatus  to  the  voting  levers  are  laid  together  in  a  thin  cable  and 
placed  under  the  floor,  so  that  they  are  not  in  the  way  and  cannot 
easily  be  injured.  If  it  is  desired  a  reprinting  arrangement  can 
be  applied,  with  the  help  of  which  the  voting  list  can  in  a  very 
short  time  be  mechanically  manifolded  as  often  as  desired,  so  that 
a  copy  can  be  given  to  each  deputy  and  the  stenographers. 
Besides  a  large  shutter  could  be  combined  with  the  apparatus, 
so  as  to  make  each  deputy's  vote  visible  to  him  from  his  place. 


DESTRUCTION    OP    HOSTILE    WAR    SHIPS    BY 

DIRIGIBLE    TORPEDOES.* 

The  simplest,  and  to  the  seaman,  the  safest  way  of  directing 
torpedoes  is  the  following  : — 

An  ordinary  sailing  boat  with  suitable  rigging  (Fig.  150,)  is 
provided  with  a  spar  of  hoop  iron  directed  downwards,  which 
carries  at  a  depth  of  from  6  to  7  feet  below  water  level,  the  torpedo 
in  the  shape  of  a  tube  filled  with  dynamite.  The  torpedo  must 
contain  about  20  pounds  of  dynamite,  and  as  it  is  advisable  to 
leave  about  l-3rd  unfilled  space  must  be  able  to  contain  about 
30  pounds  of  water.  It  has  in  front  an  ordinary  torpedo  fuse, 
80  that  it  explodes  on  striking  a  hostile  ship.  * 

*  (Memorial  to  the  MiniKter  of  War.     4th  August,  1870.) 
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The  radder  of  the  boat  is  so  arranged  that  by  means  of  a  greater 
or  less  air  pressure  in  an  indiarubber  bag  it  can  be  bronght  into 
any  desired  position  and  can  be  kept  in  it.  For  this  purpose  the 
rudder  can  be  provided  with  a  .cross  piece  a  (Fig.  151),  to  the 
ends  of  which  thin  cords  are  fixed,  as  is  usual  with  small  sailing- 
boats. 

Inside  the  boat  these  cords  are  fixed  to  a  somewhat  longer  leyer 
ft,  the  axis  of  rotation  of  which  is  connected  with  a  piece  of  wood  e 
fixed  with  struts  in  the  boat.  Between  the  lever  e  and  the  piece 
of  wood  c  is  fastened  on  the  one  side,  a  strong  steel  spring  d,  on 
the  other  side  an  indiarubber  bag  e.    If  the  indiarubber  is  not 

Figs.  150,  151. 


blown  out,  the  spring  d  presses  back  the  lever  b.  The  rudder  is 
therefore  turned  quite  to  the  left. 

/'  But  if  the  indiarubber  bag  is  blown  oub,  it  overcomes  the  strength 
of  the  spring,  presses  this  together,  and  turns  the  rudder  to  the 
right.  In  place  of  the  metal  spring,  there  can  be  fastened  on  the 
same  side  as  the  bag  a  stretched  indiarubber  band  between  the 
lever  b  and  the  wooden  piece  c. 

The  indisirubber  bag  communicates  with  an  indiarubber  tube, 
such  as  are  much  in  use  with  steam  and  water  pipes.  Also  the 
usual  fire  hose  can  be  used  in  its  place  but  quite  thin  tubes  of  at 
most  ^  inch  diameter  sufBce.  The  indiarubber  tube  joins  the  boat 
best  in  the  middle  of  the  keel.  This  hose  which  may  be  many 
thousand  feet  long  is  coiled  up  like  a  ship^s  cable  on  land  or  on 
the  boat  or  ship,  from  which  the  torpedo  boat  is  to  be  sent  so  that 
it  will  pay  out  as  required  when  the  latter  moves  off.  The  end  of 
the  pipe  is  connected  with  the  cylinder  of  a  pump  with  piston  or 
with  another  indiarubber  bag  of  larger  dimensions,  which  latter 
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liee  between  two  strong  planks,  which  can  be  pressed  together  at 
will  by  means  of  a  lever  or  screw.  B7  this  pressing  together  or 
downward  motion  of  the  pump  piston  one  can  as  desired  make  the 
air  pressure  in  the  indianibber  bag  as  great  as  one  pleases,  so  as 
to  give  the  rudder  any  desired  position. 

The  operation  should  be  so  carried  out,  that  with  a  favourable 
wind  the  torpedo  boat  is  followed  by  a  second  larger  boat  which 
carries  the  coiled  up  pipe.  This  can  either  take  place  in  the  night 
or  under  circumstances  when  it  appears  to  the  hostile  ship 
unlikely,  that  spies  or  pilots  will  quietly  approach  him. 

At  a  distance  of  800  to  1000  paces,  the  man  in  the  torpedo 
boat  would  fix  the  sail  firmly  and  jump  overboard,  so  as  to  reach 
the  second  boat  by  a  line.  This  latter  would  follow  the  torpedo 
boat  slowly,  and  so  keep  it  in  the  right  course.  At  night  a  small 
closed  light  might  be  hoisted  in  the  torpedo  boat,  only  throwing  a 
little  light  backwards,  so  that  its  course  might  always  be  observed. 
When  the  explosion  has  happened  the  following  boat  turns  about, 
and  thereby  draws  in  the  pipe,  which  is  loosened  fi'om  the  torpedo 
boat  by  the  explosion.  As  the  pipe  filled  with  air  floats,  it  offers 
no  considerable  hindrance  to  the  forward  motion  of  the  torpedo 
boat  if  the  wind  is  not  too  light. 

In  case  there  is  no  wind,  or  the  enemy  cannot  be  approached 
wi£h  a  boat  I  propose  to  fix  two  indiarubber  tubes  to  a  floating 
beam,  (or  a  zinc  tube),  which  carries  the  torpedo  in  the  same 
way  as  the  above  mentioned  boat. 

Water  is  pumped  through  the  one  stronger  tube,  for  which  an 
ordinarily  good  fire  engine  on  land  will  serve. 

The  second  pipe  which  is  &stened  throughout  its  whole  length 
to  the  first  is  filled  with  air  as  above  and  serves  in  the  first  place 
for  steering,  and  in  the  second  to  maintain  afloat  the  other  filled 
with  water.  This  torpedo  is  forced  forward  by  the  reaction  of 
the  water  pumped  through  the  pipe. 

It  is  also  possible,  by  an  electric  arrangement,  so  to  steer  a 
sailing  or  steam  boat  automatically  that  a  course  previously 
arranged  by  a  compass  may  be  maintained.  But  in  the  present 
hurried  circumstances  of  time  only  quite  simple  arrangements  are 
practicable.  Indiarubber  tubes  and  bags  are  to  be  obtained  in  any 
indiarubber  works.  If  desired  Siemens  and  Halske  of  Berlin 
will  procure  them. 
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AUTOMATIC  ELECTRIC  STEERING  OF  TORPEDO 

BOATS* 

The  idea  expressed  at  the  conclasion  of  the  previous  article  that 
it  is  possible  to  steer  a  ship  aatomatically  by  means  of  an  electric 
arrangement,  was  farther  pursued  by  Dr.  Werner  Siemens  and  a 
construction  worked  out,  which  perfectly  carries  out  the  purpose  as 
was  already  shown  in  November  1872  by  trials  on  the  Tegel  lake 
with  a  small  steam  launch  placed  at  his  disposal  by  the  Imperial 
Navy.  This  construction  received  its  definite  form  (agreeing  with 
the  previous  one  in  all  essential  points)  in  1878  and  very  satisfac- 
tory results  followed  its  completion  in  July  1874  in  great  trials  on 
the  Runmielsburger  lake.  In  what  follows  this  steering  apparatus 
aboutwhichnothingwas  published  at  the  time,  is  described  according 
to  materials  preserved  among  the  records  of  Siemens  and  Halske. 

The  essential  part  of  the  whole  apparatus  is  an  electrical  coup- 
ling in  the  ship  to  be  steered.  This  consists  of  two  electro-magnets 
El  and  Ej  lying  near  one  another  (Fig.  152)  which  are  rigidly 
connected  to  a  shaft  W  in  horizontal  bearings  driven  by  the  ship's 
engine. 

Electrical  contact  for  the  current  is  made  by  sliding  springs. 
The  disc  armatures  A^  A,  of  both  electro-magnets  run.  loose  on  the 
same  shaft  W  aiid  gear  with  two  projecting  pins  s  into  lateral  grooves 
of  two  conical  wheels  Ci  and  Cj,  opposite  to  them  as  maybe  clearly 
seen  in  the  detailed  plan  Fig.  152,  which  are  also  loose  on  the  shaft 
W.  A  third  larger  wheel  Z,  revolvable  on  a  vertical  axis  gears  into 
these  wheels  Ci,  C,.  So  long  as  neither  of  the  electro-magnets 
is  energized,  neither  of  the  two  wheels  C^,  C,  takes  part  in  the 
revolution  of  the  shaft  W.  But  if  one  of  the  two  electro-magnets, 
for  instance  E,  is  energized,  its  disc  armature  A^  becomes  coupled 
to  it,  and  thereby  the  wheel  Ci  therefore  also  Z  is  set  in  motion 
in  the  corresponding  direction.  If  on  the  contrary,  a  current  is 
'Sent  through  the  electro-magnet  E,,  the  wheel  C,  produces  a 
revolution  of  the  wheel  Z  in  the  opposite  direction.  The  sprocket 
wheel  D  is  firmly  connected  with  the  wheel  Z  lying  opposite  it ;  a 
chain  K  passed  round  this,  leads  over  four  rollers  L  to  both  ends 

*  1872,  1874. 
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of  the  circumfsreDCe  of  a  sector  S  torning  abont  the  azU  B  and 
oaoses  it  to  revolve  towards  onu  side  or  the  other,  according  to  the 
direction  of  revolution  of  the  sprocket  vheel  D.    An  arm  0  rigidly 


connected  vith  the  eector  S,  takes  part  in  its  movement,  and  a  pin 
P  at  the  end  of  this  arm,  through  the  npper  bow-shaped  part  of 
which  the  tiller  passes,  canees  a  corresponding  taming  of  the 
mdder  F. 
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The  ship  to  be  steered,  ib  always  in  coudactive  connection  with 
the  point  from  which  it  ia  to  be  steered,  throngh  a  wire  insolated 
with  gtitta-percha,  which  is  payed  out  from  it.  A  commatator  set 
np  at  this  point— shown  in  the  digram  of  connections  Fig,  153  as 
"  rudder  on  the  land  with  battery  " — allows  the  cnrrent  of  a  battery 
joined  np  between  the  terminals  K  and  Z  to  pass  in  one  or  other 


direction  throngh  the  inaalated  oondnctor  or  throagh  a  light  cable 
and  through  a  double  polarized  relay  on  the  ship.  In  the  positloD 
of  rest,  the  two  arraatnre  tongues  of  this  relay  lie  on  the  contacts  a 
and  &.  If  the  handle  S  of  the  rudder  on  land,  moves  in  the  direc- 
tion of  the  arrow  I,  tlie  tongue  of  the  relay-electro-magnet  I  closes 
the  contact  c  ;  by  this  means  the  current  of  a  local  battery  placed 
in  the  ship,  is  sent  through  the  electro-magnet  E  of  the  coupling, 
and  thereby  causes  a  corresponding  turning  of  the  mdder.  Imme- 
diately after  the  beginning  of  this  revolution,  the  above  mentioned 
pin  P  as  seen  in  Fig.  ir>3  makes  sliding  contact  between  the  two 
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metal  pieces  e^  and  fy  through  its  action  on  a  commutator  U.  The 
result  is  that  immediately  afber  the  steering  handle  S  has  been 
moved  back  to  its  position  of  rest^  therefore  after  the  return  of 
the  armature  tongue  of  the  relay-electro-magnet  I  to  the  contact  a, 
the  current  of  the  local  battery  in  the  ship  is  led  through  a  and  e^ 
/i,  into  the  windings  of  the  electro-magnet  E,  of  the  coupling, 
and  a  return  motion  of  the  rudder  is  brought  about.  The 
switches  I  and  II  shown  in  Fig.  158  prevent  the  rudder  from  over- 
stepping the  furthest  admissible  limits,  as,  on  the  pin  P  striking 
against  the  lever  of  this  switch  on  exceeding  these  limits,  the  local 
circuit  is  interrupted,  therefore  the  coupling  is  set  free.  It  is 
further  easily  understood  from  Fig.  153  that  the  commutator 
U  of  the  rudder,  so  long  as  the  same  is  not  designedly  diverted 
from  its  place  of  rest,  allows  only  very  small  oscillations  to 
take  place,  since  with  each  greater  deflection  one  of  the  two 
contacts  b'  f  or  e^f^\&  closed,  and  through  the  coupling  being 
thus  brought  into  action,  the  return  to  the  position  of  rest  is 
eflFected. 

It  may  also  be  remarked,  that  the  insulated  copper  wire,  forming 
the  electric  connection  between  ship  and  land,  is  not  wound  upon 
a  drum,  but  is  coiled  up  in  the  same  way  as  sailors  are  accustomed 
to  do  with  their  cables.  This  is  to  diminish  the  moment  of  inertia 
and  frictional  resistance  of  the  drum.  As  the  coiled  insulated  wii^ 
runs  out  without  friction  from  the  ship,  with  a  corresponding 
velocity,  there  is  no  tension  of  any  kind  produced  in  it.  It  can 
therefore  be  very  thin  and  light,  so  that  it  does  not  influence  at  all 
the  motion  of  the  vessel  and  takes  up  only  little  room. 

It  is  further  to  be  noticed,  that  the  electrical  steering  method 
described,  acts  so  correctly  and  safely  that  it  can  be  employed  for 
steering  from  the  bridge  or  any  other  place. 

It  may  finally  be  mentioned,  that  it  was  also  sought  with  success, 
to  steer  a  ship  automatically  along  a  determined  course  by  means 
of  a  magnet  needle  placed  on  it ;  in  this  case  the  magnet  needle 
itself  took  the  place  of  the  above-mentioned  handle  S,  making 
the  necessary  contacts  for  setting  in  motion  the  coupling,  by  its 
own  deflections. 


VOL.  II.  ss 
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IMPEOVEMENTS  IN  THE  PRODUCTION  AND  USE 
OF  MAGNETO-ELECTRIC  CURRENTS.* 

If  such  a  form  is  given  to  the  poles  of  a  powerful  electro-magnet 
or  steel  magnet,  that  they  lie  nearly  opposite  to  one  another  in 
su£Bciently  large,  fiat  or  concentric  surfaces,  the  magnet  is  to  be 
considered  as  closed,  which  exercises  externally  hardly  any  or  onlj 
a  very  slight  action.  If  a  suitably  bent  portion  of  a  closed  con- 
ductive circuit  is  moved  through  the  space  between  the  polar  sur- 
faces, a  current  appears  in  it,  the  strength  of  which  is  proportional 
to  the  surfaces  passed  over  by  the  conductor  between  the  polar 
surfaces,  and  to  the  strength  of  the  whole  magnetism  produced  in 
the  magnet  If  the  whole  of  the  space  between  the  polar  sur&ces 
is  filled  with  the  insulated  conducting  wire — ^in  the  form  of  a  coil 
of  wire — there  is  obtained  by  the  motion  of  this  coil,  the  maximum 
of  inductive  action  of  which  the  magnet  is  capable  ;  inversely  the 
maximum  of  energy  is  obtained  if  an  electric  current  is  sent  through 
such  a  coil. 

This  motion  of  a  coil  of  wire  suspended  in  a  powerful  ring-shaped 
magnetic  field,  can  be  made  use  of  for  all  sorts  of  telegraphic  pur- 
poses, especially  for  the  construction  of  highly  sensitive  relays  for 
very  long  submarine  lines.  To  guard  against  vibrations  of  the  coil, 
which  might  make  the  contacts  insecure,  its  wire  is  wound  on  a 
thin  metal  cylinder,  Aluminium  being  best,  or  the  coil  is  externally 
surrounded  with  one ;  in  this  way  a  powerful  damping  is  produced 
without  the  sensitiveness  being  reduced. 

Fig.  154  shows  a  ground  plan  and  a  part  cross  section  of  an 
apparatus  of  the  above  described  construction. 

N  and  S  are  the  two  poles  of  a  magnet ;  N'  is  an  iron-plate 
extension  of  the  pole  N  with  a  cylindrical  hole,  through  which  the 
pole  S  projects.  In  the  ring-shaped  space  between  N'  and  S,  a  coil 
of  wire  C  hangs  by  two  wire  springs  A  which  serve  at  the  same 
time  as  conductors. 

These  springs  are  fixed,  insulated  in  the  piece  B  which  can 
rotate  between  two  points  and  can  be  so  arranged  between  a  set 

*  (Engliah  Patent,  No.  1919  of  the  25th  Jane,  1872.)    1872. 
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screw  and  spring  acting  on  the  arm  D,  that  the  coil  C  hangs 
exactly  vertical. 

The  middle  one  of  the  three  springs  A,  serves  as  conductor  to 
the  metal  body  of  the  coil  C.  If  the  electric  current  is  sent  through 
the  windings  of  the  coil,  the  coil  rises  or  sinks  according  to  the 
direction  of  the  current ;  alternating  currents  produce  an  up  and 
down  motion.  The  diagram  contained  in  Fig.  154,  gives  an 
example  how  these  motions  can  serve  for  telegraphic  purposes.    A 

Fig.  154. 


metal  bow  G'  resting  on  the  coil  0,  carries  a  metal  piece  provided 
above  with  a  point,  and  below  with  a  flat  surface,  nearly  opposite 
to  which  stand  above  the  contact  E  with  flat  surfaces,  below  the 
contact  E'  with  a  point.  The  bow  C  is  connected  through  the 
middle  wire  spring  A  with  one  pole  of  a  battery  /,  the  second 
battery  pole  by  means  of  a  conductor  F'  with  a  commutator  G  ; 
from  this,  two  conductors  g  and  ^  lead  to  the  two  divisions  of  a 
second  commutator  6',  which  are  on  the  other  hand  conductively 
connected  also  with  the  contact  pieces  E  and  E'.  On  rising  the 
coil  G  therefore  closes  the  circuit  /  F  C  E  G'  ^  G  F'  through  the 
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contact  E  on  sinking  the  circuit  /  F  C  E'  G,  y"  G  F'  through  th& 
contact  E'.  The  telegraph  apparatuR  joined  up  to  the  amiB  g  and 
y,  therefore  receive  intermittent  cnrrent  from  the  battery  f  if 
alternate  currents  are  sent  through  the  coil  C.  The  two  divisiond 
of  the  commutator  G'  can  be  connected  and  only  one  apparatus 
inserted  between  G  and  G'.  If  the  ciurent  passing  through  the 
coil  C  ceases,  this  latter  retnins  exactly  to  its  position  of  rest. 

The  apparatus  can  also  he  so  altered  that  the  coil  C  swings  in 
the  horizontal  direction  by  placing  the  magnet  poles  N  and  8 


Fig.  156. 


hotizontally,  and  hanging  the  coil  G  from  fonr  threads,  so  that  it 
is  brought  back  to  its  position  of  rest  by  gravity. 

Fig.  155  shows  the  diagram  of  an  apparatus  by  which  the 
motion  of  the  coil  of  wire  follows  a  circular  course. 

One  m^net  pole  N  is  enlai^ed  by  a  ring  N'  which  surrounds- 
the  other  pole  S.  A  cross  wound  coil  of  wire  K  freely  movable 
along  the  mg,  surrounds  the  ring  N',  If  an  electrical  current 
passes  through  it,  it  moves  towards  one  side  or  the  other,  according 
to  its  direction  ;  inversely  currents  are  produced  in  it,  when  it  i* 
mechanically  moved  along  the  ring. 

Fig.  156  shows  an  apparatus  similar  to  the  preceding  one  in  fnll 
size.  Here  one  magnet  carries  an  annular  addition  N',  and  the- 
otber  pole,  the  cylinder  8  and  the  ring-sliaped  extension  S'. 
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A  coil  of  wire  K  wound  on  an  ebonite  or  other  non-magnetic 
material  which  is  carried  by  a  vertical  axle  L,  surrounds  the  ring 
N'.  One  end  of  the  winding  of  this  coil  is  connected  through  the 
lower  bearing  of  the  axle  L  with  the  wire  0,  the  other  insulated  as 
regards  L  with  the  wire  M.  If  the  axle  L  and  with  it  the  coil 
is  set  swinging,  the  conductors  M  and  0,  are  traversed  by  alternate 
currents ;  if  inversely  alternate  currents  are  sent  through  the  coil 
Ky  they  set  the  latter  swinging  around  the  axle  L. 
What  I  consider  as  new  and  my  invention  is  :— 
1«  The  apparatus  shewn  in  Pig.  154,  in  which  a  coil  of  wire 
swinging  in  a  magnetic  field  is  set  in  motion  by  electric  currents 
or  produces  electric  currents  by  mechanical  motion. 

2.  The  way  and  means,  shewn  in  Fig.  154,  of  using  the  motion 
of  such  a  coil  for  closing  local  batteries. 

3.  Surrounding  moving  coils  of  wire  in  magnetic  fields  with  a 
mantle  of  aluminium  or  other  metal  used  for  the  purpose  of 
damping. 

4.  The  modification  of  the  apparatus  shewn  in  Fig.  154  by 
which  the  coil  of  wire  is  hung  by  threads  and  is  movable  in  a 
horizontal  direction. 

5.  The  arrangement  shewn  in  Fig.  156  in  which  a  forward  and 
backward  motion  is  given  to  a  coil  of  wire  in  a  magnetic  field. 


SIEMENS  AND   HALSKE'S  AUTOMATIC  ELECTRIC 

LAMPS.* 

Preface. — The  automatic  electric  lamps  described  in  the  follow- 
ing, depend  on  the  principle  proposed  by  Werner  Siemens,  of 
differential  regulation  by  main  and  shunt  currents  ;  the  carrying 
out  of  the  construction  in  its  details  to  Mr.  Von  Hefner- Alteneck, 
for  many  years  head  of  the  desigm'ng  office  of  the  firm  of  Siemens 
&  Halske. 

The  principle  is  the  following :  an  electro-magnet  with  a  few 

*  (Abstracted  from  the  English  Patent,  No.  2006  of  5th  June,  1873.) 
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windings  of  thick  wire  is  inserted  in  the  main  circnit,  and  a  second 
with  many  windings  of  fine  wire,  in  the  shnnt  circnit  to  the  arc. 
Both  electro-magnets  act  on  a  differentially  moving  mechanism  of 
snch  a  kind,  that  the  action  of  the  main  current  removes  the 
carbons  from  one  another  whUst  the  shunt  current  causes  them  to 
approacL  At  a  certain  determined  distance  of  the  carbons,  there 
is  rest ;  when  the  carbons  are  consumed  further,  the  main  current 
becomes  weaker,  and  simultaneously  the  shunt  current  stronger. 


By  the  action  of  the  latter,  the  carbons  are  again  brought  together. 
If  the  arc  goes  out,  this  action  increases  until  the  carbons.touch  ; 
then  the  main  current  becomes  too  strong  and  removes  the  carbons 
from  one  another  again  until  equilibrium  is  re-established. 

Diagram  I  of  Fig.  157  represents  a  lamp  arranged  for  alternate 
currents.  The  carbon  holders  a  and  by  can  be  approached  to  or 
removed  from  one  another,  by  turning  a  screw  c  provided  with  a 
right  and  left  thread.  The  turning  of  this  screw  is  effected  by 
means  of  the  toothed  wheel  d  by  two  pawls  e  and  /  resting  on  the 
armature  tongues  of  the  polarized  electro-magnets  g  and  A ;  ^  is  the 
electro-magnet  lying  in  the  main  current,  h  that  lying  in  the  shunt 
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current  to  the  arc.  If  the  carbona  a  and  &  toacb,  and  a  current 
is  sent  throogh  the  lamp,  the  electro-magnet  A  at  first  remaiua 
withont  current,  whilst  g  gets  the  full  current  and  in  consequence 
of  this  through  the  in  and  out  motion  of  the  tongne  of  ite  armature 
by  means  of  the  pawl  «,  the  wheel  r  tums  in  snch  a  direction,  that 
the  carbonB  remove  apart.    If  in  thia  way  the  resietance  in  the 

Fig.  167. 


main  current  increases  to  a  certain  extent,  the  electro-magnet  g 
ceases  to  act,  on  the  other  hand  the  shnnt  current  passing  through 
the  electro-magnets  h  becomes  strong  enongh  to  set  in  oscillatory 
motion  its  armature  with  the  pawl  /,  and  thereby  to  turn  back  the 
wheel  d  in  such  a  sense  that  the  carbons  ^;ain  approach.  The 
lamp  thus  automatically  regulates  itself  for  a  determined  length  of 
the  arc.  In  order  that  the  inactive  pawl  may  not  hinder  the 
turning  of  the  wheel  d  brought  about  by  the  other,  the  pawls 
are  raised  out  of  the  teeth  of  the  wheel  d  by  the  under-ronning  of 
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a  peg  on  a  sloping  surface  as  soon  as  its  armature  teeth  approach 
the  rest  stops. 

The  lamp  represented  in  diagram  II  is  for  continuous  currents. 
If  the  electro-magnet  g  lying  in  the  main  current  attracts  its 
armature,  it  closes  the  contact  e'  and  thereby  opens  for  the  current 
a  direct  way  past  its  windings  to  the  arc.  The  fall  of  the  arma- 
ture thereby  brought  about  passes  the  current  anew  through  the 
electro-magnet,  and  this  play  is  repeated  until  the  arc  becomes  so 
great  that  the  electro-magnet  h  lying  in  the  shunt  circuit  receives 
current  enough  to  attract  its  armature.  This  interrupts  its  own 
current  by  the  opening  of  the  contact /*,  lets  its  armature  fall  again^ 
therefore  again  receives  the  current  and  so  forth  ;  the  osciUatory 
motion  of  the  pawl /set  up  thereby  turns  the  wheel  d  in  the  sense 
that  the  arc  again  becomes  smaller. 

One  of  the  two  electro-magnets  can  be  entirely  done  away  with, 
when  the  preponderating  weight  of  the  upper  carbon  holder  or  a 
spring  put  in  its  place,  serves  to  bring  the  carbons  together. 
Diagram  III  Fig.  157  shows  an  arrangement  of  this  kind.  The 
carbon  holders  are  carried  by  the  toothed  racks  h  and  /,  which 
gear  into  two  drivers  on  the  same  axle,  the  diameters  of  which  are 
as  1  to  2,  when  the  lamp  is  arranged  for  continuous  current.  As 
is  known  with  the  use  of  continuous  currents,  the  carbon  con- 
nected with  the  positive  pole  bums  about  twice  as  quickly  as  the 
other ;  when  i  therefore  sinks,  I  must  only  rise  half  as  quickly 
in  order  that  the  arc  may  maintain  the  same  position. 

The  sinking  of  the  upper  carbon  holder  is  made  slow  by  a  fly  q, 
by  means  of  the  toothed  wheels  m  and  n.  The  electro-magnet 
lying  in  the  main  current  has  the  task  by  the  gearing  of  the  pawl 
c  on  its  armature  tongue  into  the  teeth  of  the  wheel  n  to  balance 
the  sinking  motion  of  the  upper  carbon  holder,  or  it  may  be  to 
change  it  into  a  rising  one  if  the  carbons  come  too  close  together. 
In  order  that  in  this  arc  the  fly  may  not  be  turned  backwards,  its 
di'iving  wheel  is  loose  on  its  axle  and  only  connected  through  a  stop 
catch  with  the  wheel  n.  For  the  rest,  the  forward  and  backward 
motion  of  the  armature  of  the  electro-magnet  occurs  by  closing 
and  opening  a  contact  exactly  as  with  the  electro-magnet  g  in 
diagram  II. 
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IMPROVEMENTS  IN  AUTOMATIC  TELEGRAPH 
APPARATUS  FOR  SENDING  AND  RECEIVING 
MORSE  WRITING,  STEINHEIL  WRITING,  OR 
TYPE-PRINTING,  USING  EITHER  DIRECT  OR 
ALTERNATING   CURRENTS * 

Note, — ^The  Box- sender  contained  in  the  following  patent  specification  is  of 

Mr.  von  Hefner-Alteneck's  construction. 

The  improTement  in  the  sender  consists  in  the  first  place,  in  one 
and  the  same  apparatus  serving  for  continuouslj  setting  np, 
telegraphing  and  taking  apart  again  the  type  used  for  the  auto- 
matic sending  of  the  current,  so  that  they  can  be  used  again  in 
the  sequence  named.  The  types  are  formed  of  pins,  (or  otherwise 
suitably  shaped  pieces,)  which  are  placed  movable  in  the  links  of 
an  endless  chain,  or  arranged  in  the  circular  perimeter  of  a  casing 
(box).  The  pins  can  be  shifted  either  to  both  sides  (for  Steinheil 
writing) — ^in  which  case  the  pins  pushed  out  on  one  side  will 
subsequently  serve  for  sending  the  positive  current  into  the  line, 
and  those  pushed  out  on  the  other  side,  the  negative — or  to  one 
fiide  only  (as  in  Morse  writing,)  a  pin  protruded  between  two  not 
pushed  out  represent  a  dot ;  two  or  three  in  succession  not  pro- 
truded, a  smaller  or  greater  space.  The  setting  up  of  the  type,  «.c. 
the  shifting  of  the  pins  into  corresponding  groups,  is  eflfected  by 
depressing  keys,  one  of  which  is  provided  for  each  sign  occurring 
in  telegraphy,  and  is  correspondingly  marked. 

The  requisite  mechanical  connection  with  the  parts  which  in  the 
first  place  strike  against  and  sliif  t  the  pins  by  their  forward  move- 
ment is  in  principle  the  same  as  was  first  used  by  Dr.  W.  Siemens  in 
the  key  apparatus  for  perforating  the  paper  strip  formerly  employed 
in  automatic  telegraphy ;  each  of  the  keys  is  so  connected  with  a 
metal  plate  that,  on  depressing  the  key,  the  latter  is  shifted. 

As  many  of  these  metal  plates  are  therefore  provided,  as  there  are 
keys,  and  as  they  move  forward,  they  strike  with  their  front  edges 
Against  a  number  of  other  plates,  which  lie  transversely  close  to 
the  former  ones,  and  which  are  so  connected  with  the  partR 

*  (Description  for  Belgian  Patent,  No.  82830,  of  27th  June,  1873.) 
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striking  the  pins,  that  always  one  pin  on  the  chain  or  box  i» 
displaced  from  its  normal  position  by  the  movement  of  each  one  of 
them.  In  order  to  obtain  the  requisite  grouping  by  the  displace- 
ment of  the  pins,  the  first  named  plates  have  their  front  edge& 
filed  out  in  such  manner  that  on  depressing  a  key  they  alwajs 
strike  only  those  transverse  plates,  which  by  their  simultaneous 
forward  movement  cause  the  pushing  out  of  the  pins  corresponding 
to  the  sign  on  the  depressed  key. 

After  each  depression  of  a  key,  the  pins  pushed  out  by  it,  ai-e 
withdrawn  from  the  action  of  the  keys,  and  the  pins  in  their 
normal  position  are  brought  in  place  of  them  just  in  front  of  the 
part  directly  causing  the  pushing  forward.  We  effect  the  neces- 
sary intermittent  movement  of  a  portion  of  the  chain,  or  it  may 
be  the  intermittent  rotation  of  the  box,  either  by  the  pressure  on 
the  keys  itself,  or  by  means  of  a  spring  or  falling  weight,  which 
is  set  in  motion  for  the  necessary  interval  of  time  by  the  depression 
of  the  keys.  In  the  former  case  the  motion  is  effected  by  means 
of  a  spur  wheel  placed  on  the  same  axle  as  the  box  or  the  wheel 
carrying  the  chain,  which  is  made  to  turn  by  means  of  a  pawl 
actuated  by  a  lever  moved  by  the  above-mentioned  transverse 
plates.  The  position  of  the  axis  of  this  lever  with  respect  to  the 
transverse  plates  is  so  selected,  that  for  long  signs  the  lever  ia 
struck  by  a  transverse  plate  lying  nearer  to  its  axis  than  for  short 
signs,  its  stroke  (since  the  transverse  plates  all  move  equally,)  and 
therefore  also  the  movement  of  the  chain  or  box  is  correspondingly 
greater  or  smaller.  These  ratios  are  so  proportioned,  that  the 
forward  movement  of  the  pins  on  each  depression  of  a  key  corre- 
sponds exactly  to  the  length  of  the  sign  simultaneously  represented 
in  type  fills  the  prescribed  interval. 

In  the  other  case,  where  on  the  depression  of  the  keys  the  move- 
ments in  question  have  only  to  be  released,  a  detent,  which  in  the 
position  of  rest  holds  the  chain-wheel  or  the  box  fast  to  a  spur- 
wheel  fixed  on  the  same  axle  with  it,  is  allowed,  when  the  pin 
brought  furthest  forward  by  the  depression  of  a  key  runs  out,  to 
rise  out  of  the  teeth  of  the  spur  wheel  on  to  an  inclined  plane 
filed  out  of  the  detent.  The  said  inclined  plane  is  wider  than  the 
space  occurring  within  a  signal,  which  in  this  case  is  represented 
as  is  known  by  pins  not  pushed  forward  or  wanting.  The  detent 
cannot  again  catch  into  gear  until  by  the  action  of  the  driving 
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weighty  (nr  spring,)  the  whole  sign  has  passed  nnder  the  inclined 
plane,  and  including  the  prescribed  interval  in  consequence  of  a 
farther  corresponding  widening  of  the  latter. 

When  the  pins  are  pushed  out  on  both  sides,  the  detent  carries 
two  inclined  planes,  one  or  other  of  which  comes  into  action, 
according  as  the  first  and  the  last  of  the  pushed  out  pins  has  pro- 
truded on  the  one  or  the  other  side. 

The  parts  which  immediately  effect  by  their  forward  motion  the 
displacement  of  the  pins,  are  given  the  form  of  round  pushers,  and 
they  are  so  guided  at  their  front  end  that  they  can  get  out  of  the 
way  sideways  when  the  movement  of  the  row  of  pins  begins,  and 
when  the  key  is  depressed,  that  they  do  not  strike  against  the  pins 
not  pushed  out,  thereby  checking  the  said  movement. 

As  regards  the  manner  in  which  the  prepared  signs  in  the  form 
of  pushed  out  pins  suffice  for  automatic  telegraphing,  the  sender 
presents  certain  differences,  according  as  it  is  constructed  with  an 
endless  chain  or  a  box  as  carrier  for  the  pins. 

For  the  production  of  the  spaces  between  the  separate  words, 
a  special  key  is  provided  without  designation,  which  is  connected 
mechanically  with  the  setting  wheel  or  the  box  in  such  a  way 
that  these  are  turned  through  the  corresponding  angle  when  this 
key  is  depressed,  without  a  pin  being  pushed  forward. 

In  the  chain  sender,  the  endless  chain,  after  it  leaves  the  wheel, 
on  which  the  setting  up  of  the  type  is  effected  in  the  manner 
described,  is  led  over  a  second  toothed  wheel  (sending  wheel),  which 
brings  forward  a  portion  of  the  chain  set  with  type  with  uniform 
speed,  as  soon  as.  the  tension  of  the  portion  of  the  chain  hanging 
down  between  the  two  wheels  allows  it,  which  slackens  in  conse- 
quence of  the  intermittent  pushing  on  of  the  other  wheel.  The 
uniform  rotation  of  the  sending  wheel  requisite  for  this  purpose  is 
produced  either  by  a  special  clockwork  with  fly  and  weight,  or  by 
the  driving  action  of  a  spring,  or  it  is  effected  automatically  by  the 
movement  of  the  preparatory  mechanism.  In  the  latter  modifica- 
tion the  clockwork  of  the  sending  wheel  is  in  connection  with  the 
setting  up  wheel  through  a  relatively  weak  spring,  one  end  of 
which  is  attached  to  the  axle  of  the  setting  up  wheel,  and  the  other 
end  to  the  first  wheel  of  the  clockwork  rotating  loose  on  this 
axle,  so  that  the  intermittent  rotation  of  the  setting  up  wheel 
described  above  stretches  the  spring.    We  shall  return  later  to 


348  THE   SCIENTIFIC  PAPERS,   ETC.,    OF 

the  movemeut  of  the  current  sending  mechanism  produced  in  a 
similar  way. 

In  order  to  send  the  current  to  line  by  means  of  the  pins  pushed 
forward,  in  some  circumstances  the  contacts  required  for  this 
can  be  made  by  the  pins  pushed  forward  themselves,  if  they  form 
parb  of  the  circuit,  and  in  their  uniform  movement  on  the  sending 
wheel  of  the  chain  sender  strike  against  a  metal  spring  with  oblique 
surface,  which  is  also  in  the  circuit,  which  might  then  also  serve 
at  the  same  time  for  bringing  back  the  pins  into  their  normal 
position.  We  prefer,  however,  to  allow  the  pins  pushed  forward  to 
strike  against  the  bevelled  ends  of  one,  or  it  may  be  two  contact 
levers,  which  then  effect  the  contacts  in  a  way  to  be  described 
subsequently  by  means  of  the  oscillatory  movement  thus  produced. 
After  the  endless  chain  has  passed  the  contact  lever,  it  is  led  back 
between  inclined  planes  or  rollers,  by  which  the  pins  pushed  forward 
are  brought  back  to  their  normal  position,  and  then  it  returns  to 
the  setting  up  wheel. 

Naturally  the  chain  is  considerably  longer  than  the  path  which 
it  has  to  traverse.  According  as  the  operator  works  the  signs 
on  the  keyboard,  more  quickly  or  more  slowly,  than  others  are 
simultaneously  telegraphed  on  the  sending  wheel,  (which  speed 
can  however  be  regulated  at  will  by  adjusting  the  vanes  of 
the  fly,)  the  portion  of  the  chain  set  with  type  lying  in  front 
of  the  sending  wheel,  will  grow,  and  in  consequence  the  operator 
must,  within  a  certain  limit  corresponding  to  the  surplus  length 
of  chain,  suit  the  speed  with  which  he  works  the  keys  to  the 
speed,  dependent  on  the  position  of  the  fly,  with  which  the 
telegraphing  is  effected. 

In  the  box-sender,  in  which,  as  already  mentioned,  the  movable 
pins  are  on  the  circumference  of  a  box,  in  place  of  the  contact 
lever,  there  is  a  pointer  with  a  springy  obliquely  truncated  points 
which  trails  over  the  pins  pushed  forward,  which  are  rounded  on 
the  inside.  Its  oscillatory  motion  thus  produced  is  transmitted  to 
the  special  contact  lever  pivotted  rigidly  to  the  frame  bya  jsmall  bell- 
crank  lever  pivotted  on  the  pointer,  which,  by  means  of  a  cut  out 
slot,  acts  with  a  to  and  fro  motion  on  a  pin  or  any  other  suitable 
meclianism,  lying  in  a  central  boring  of  the  axle  of  the  pointer  and 
projecting  above  the  pivot  of  the  latter.  The  box  itself  rotates 
ioose  around  the  axle  of  the  pointer,  while  on  the  contrary,  besides 
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the  pointer  there  are  firmly  fixed  on  the  same  axle  a  toothed  wheeT 
placed  inside  the  box,  which  gears  with  or  without  farther  toothed 
wheel  gearing  in  the  pinion  or  the  endless  screw  of  a  fly  pivotted 
rigidly  to  the  box,  and  Hirther  the  one  end  of  a  sufficiently  tightener) 
clockspring,  the  other  end  of  which  is  &stened  to  the  frame. 

In  the  position  of  rest,  this  spring  holds  the  pointer  against  a 
stop,  which  lies  just  behind  the  place  where  the  displacement  of 
the  pins  occurs.  The  intermittent  rotation  of  the  box  brought 
about  in  one  of  the  described  ways  by  the  depression  of  a  key 
withdraws  the  pointer  from  this  stop,  and  thus  winds  up  the 
spring  further.  Whilst  this  latter  sets  in  rotation  about  its  axis- 
the  fly  in  the  box  through  the  wheel  lying  inside  the  box,  it  brings^ 
the  pointer  back  against  the  stop,  when  the  latter  trails  over  the 
pins  pushed  forward  and  by  the  movement  of  the  contact  lever 
communicates  their  meaning  to  the  distant  station. 

The  pointer  therefore  participates  in  the  intermittent  rotation 
of  the  box,  without  impairing  its  uniform  backward  movement 
relatively  to  the  row  of  pins,  which  is  caused  by  the  spring  and  is 
regulated  as  regards  its  speed  by  the  fly  in  the  box,  w^hich  ia 
moreover  adjustable. 

According  as  the  operator  works  the  signs  on  the  keys  more 
quickly  or  more  slowly,  the  intermittent  forward  movement, 
or  the  uniform  backward  movement  of  the  pointer  relatively  to 
the  box  preponderates,  the  pointer  on  the  whole  will  therefore 
recede  from  its  stop  or  approach  it.  The  actual  movement  of  the 
pointer  may  be  rather  less  tlmn  a  complete  revolution,  and  an 
aiTangement  can  be  introduced  which  sounds  a  gong  when  the 
operator  is  about  to  overstep  the  allowable  gap  between  the  setting 
up  and  the  automatic  telegraphing  of  the  types. 

As  with  the  chain-sender,  the  pushed  out  pins  are  brought  back 
into  their  normal  position  by  inclined  planes  or  rollers,  after 
their  protrusion  has  fulfilled  its  purpose.  If  the  pins  are  pushed 
forward  out  of  their  normal  position  towards  both  sides,  the  chief 
axis  carries  two  pointers,  which  lie  in  the  same  plane  on  both  sides 
of  the  box. 

There  still  remains  to  be  stated,  in  what  way  we  arrange  the 
contacts  themselves.  The  simplest  form  of  this  is,  that  the  con- 
tact lever  should  carry  a  spring  tongue  tipped  with  platinum, 
which,  when  the  lever  oscillates,  plays  with  very  little  clearance 
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between  two  insulated  contact  screws.  This  arrangement  together 
with  the  plan  of  connections  employed  with  it  corresponds  to  that 
of  the  ordinary  Morse  key.  In  another  arrangement  we  produce 
the  contacts  by  making  the  free  end  of  the  contact  lever  fork 
shaped,  and  allow  it  to  abut  from  two  sides  against  the  middle  of 
an  originally  straight  spring,  tne  two  ends  of  which  rest  against 
abutments  pressing  against  each  other  with  a  strong  pressure,  aud 
the  middle  of  which  in  consequence  of  this  pressure  bulges  out  so  &r 
towards  the  one  or  the  other  side,  as  is  permitted  by  the  two  stops 
which  make  contact  with  the  spring.  It  only  requires  a  slight 
shock  by  one  of  the  prongs  of  the  fork  against  this  bulging  out, 
for  the  spting  to  be  brought  away  from  the  one  stop  and  beyond 
its  straight  middle  position,  and  then  to  be  laid  with  a  sharp  blow 
against  the  other  stop  of  itself  in  consequence  of  the  pressure 
exerted  on  it  in  the  direction  of  its  length. 

The  contact  of  the  fork  prongs  of  the  contact  lever  with  the 
spring  is  only  temporary  on  each  stroke  of  the  former,  and,  if  the 
fork  prongs  are  insulated  from  each  other,  and  the  one  is  con- 
nected with  the  positive  pole  and  the  other  with  the  negative  pole 
of  a  battery  put  to  earth  at  its  middle  point,  they  can  be  used  to 
give  shortened  alternate  currents  with  the  use  of  Morse  signs,  or 
with  other  suitable  connections  for  the  discharge  of  the  line,  &c. 
\*  Instead  of  the  springs  with  their  ends  pressed  against  each 
other  the  often  employed  arrangement  of  a  lever  with  a  spring 
passing  over  a  stone  with  a  sharp  edge,  or  a  roller  can  be  used, 
or  a  similar  contrivance.  In  certain  circumstances  we  prefer, 
while  still  retaining  the  simplest  form  of  contact  firat  described, 
to  effect  the  shortening  of  the  variously  long  currents  starting 
from  the  latter,  to  an  equal  interval  of  time  by  the  following 
arrangement.  To  the  conductor  starting  from  the  contact  lever 
of  the  sender  a  shunt  is  connected  to  earth  of  correspondingly 
high  resistance,  and  in  this  the  winding  of  an  electro-magnet  is 
joined  up.  By  the  attraction  of  an  armature  lying  in  front,  which 
results  from  overcoming  an  adjustable  spring  acting  against  this 
motion,  the  electro-magnet  interrupts  a  contact,  which  is  joined  up 
in  the  line  between  the  armature  connected  with  the  fruther 
extension  of  the  latter  and  its  stop. 

The  two  contact  screws,  between  which  the  tongue  of  the  con- 
tact lever  on  the  sender  plays,  are  connected  respectively  with  the 
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• 
positive  and  negative  poles  of  batteries,  the  opposite  poles  of 
which  are  connected  to  earth.  If  the  contact  tongue  rests  per- 
manently on  one  or  other  contact  screw,  a  continaous  current 
traverses  the  windings  of  the  electro-magnet ;  this  keeps  its  arma- 
ture attracted  and  the  circuit  is  broken.  If  the  contact  tongue 
alters  its  position  the  direction  of  the  current  in  the  windings  of 
the  electro-magnet  is  simultaneously  altered. 

By  the  change  of  polarity  consequently  caused,  the  electro- 
magnet lets  go  its  armature  for  a  moment  only,  to  attract  it  again 
in  consequence  of  the  polarity  which  is  again  produced  in  the 
opposite  direction.  Therefore,  with  each  stroke  of  the  contact 
lever  only  a  short  current  passes  into  the  line,  however  long  this 
may  be  kept  in  its  newly  gained  position. 

The  attracted  electro-magnet  armature  also  lies  naturally  against 
a  stop,  and  this  can  also  be  converted  into  a  contact  for  the  back 
discharge  of  the  line,  for  instance,  if  it  is  connected  to  earth. 

We  also  employ  this  method  of  shortening  unequally  long 
currents  of  alternate  direction  to  an  equal  length  in  connection 
with  every  kind  of  alternate  current  key  and  with  relays,  especially 
on  submarine  or  long  underground  lines. 

Instead,  as  above  described,  of  forwarding  the  messages  in 
Morse  or  Steinheil  writing  characters,  by  means  of  the  automatic 
chain  or  box  writer,  and  of  receiving  them  at  the  distant  station 
by  means  of  a  correspondingly  constructed  single  or  double  writer, 
we  employ  them  in  connection  with  a  printing  apparatus  con- 
structed by  us  for  sending  and  receiving  printed  writing. 

This  is  generally  effected  in  such  a  way  that  by  means  of  the 
currents  which  are  produced  in  suitable  manner,  number  and 
sequence  by  the  depression  of  a  key,  a  type  wheel  is  turned  forward 
up  to  the  letter  represented  by  the  depressed  key,  that  then  during 
the  pause  which  separates  the  currents  belonging  to  two  letters,  a 
printing  mechanism  is  set  in  action,  the  printing  is  carried  out, 
and  then  the  type  wheel  is  released  for  a  moment  from  the  actuat- 
ing mechanism  and  the  action  of  a  spring,  &c.,  is  substituted, 
which  effects  its  retardation,  or  advance  to  its  position  of  rest, 
whilst  simultaneously  the  paper  strip  after  being  printed  is  carried 
forward  so  &r  that  the  place  for  another  letter  is  free.  This 
can  be  effected  in  the  same  way  as  in  every  pointer  telegraph  (step 
by  step  motion)  by  a  succession  of  direct  or  alternative  currents. 
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which  are  equal  to  the  number  of  steps  which  .the  type  wheel  has 
to  pass  over  back  to  the  desired  letter. 

"We  prefer,  however,  to  diminish  oonsiderablj  the  number  of 
necessary  currents  by  allowing  the  type  wheel  to  move  forward  a 
determined  greater  number  of  steps,  t.^.,  of  consecutive  letters,  by 
a  short  current  of  one  direction,  while  by  a  short  current  in  the 
opposite  direction  only  by  one  step.  We  effect  this  by  putting  the 
printing  mechanism  in  connection  with  a  so  called  planet  wheel, 
which  gears  into  two  wheels,  one  of  which  is  actuated  by  positive 
the  other  by  negative  currents,  and-  with  different  velocity.  Or  we 
arrange  the  printing  type  on  an  axle  of  less  diameter  instead  of  on 
the  periphery  of  a  wheel  and  by  means  of  the  mechanism  arrange 
that  the  currents  in  one  direction  turn  the  axle,  those  in  the  other, 
on  the  contrary,  displace  it  in  the  direction  of  its  axis.  Or  finally, 
we  arrange  type  suitably  on  a  flat  plate  and  shift  this  plate  in  one 
direction  by  positive  in  the  other  by  negative  currents. 

After  accomplishing  the  printing,  the  cylinder  or  plate,  as  in 
the  first  described  case  of  the  type  wheel,  is  left  free  a  moment^ 
and  by  suitably  arranged  springs  is  drawn  backward  or  forward 
into  the  position  of  rest.  We  hold  the  type  wheel  in  this  position 
of  rest  without  permitting  it  to  start  back  from  the  stop  by  the 
wheel  at  the  last  moment  of  its  motion  striking  a  spring  lever,, 
which  moves  a  little  by  the  blow  of  the  wheel,  and  thereby  pushes 
out  an  obstacle  to  the  backward  motion  of  the  wheel,  which  imme- 
diately afterwards  is  removed  again  by  the  springiness  of  the  stop. 
If,  on  the  contrary,  the  type  wheel  is  drawn  forwaixl  instead  of  back- 
ward, the  stop  point  of  the  wheel  presses  back  just  before  reaching 
the  position  of  rest  the  slanting  surface  of  an  elastic  tooth  which 
opposes  its  motion,  and  thereby  simultaneously  presses  forward  a 
stop  connected  with  this  tooth  in  the  circle  of  motion  of  the  wheel. 
In  both  cases  the  wheel  is  forcibly  detained  in  the  position  of  rest. 

The  printing  itself  we  effect  by  a  local  magnet,  with  or  without 
the  help  of  clockwork.  We  regulate  the  local  current  which 
energizes  this  magnet  at  the  moment  the  type  wheel  stops,  by 
one  of  the  means  employed  in  the  automatic  printing  telegraph. 
But  we  prefer  the  use  of  a  so  called  rattle  contact.  This  consists 
of  a  light  lever,  which  is  slightly  raised  by  the  passing  under  it  of 
each  tooth  of  a  wheel  connected  with  the  type  wheel,  and  in  this 
position  strikes  a  spring  contact,  whereby  the  current  of  the  local 
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magnet  is  closed.  As  the  contact  on  the  forward  motion  of  the 
wheel  is  only  a  momentary  one  in  consequence  of  the  trembling  of  the 
spring  contact,  the  current  does  not  last  long  enough  for  adequate 
magnetization  of  the  local  magnet  But  if  the  wheel  stands  still, 
the  contact  lever  remains  on  the  top  of  the  tooth,  and  closes  the 
circuit  sufficiently  long,  owing  to  the  then  continuous  contact  with 
the  contact  spring  resting  on  it,  to  effect  the  attraction.  As  soon, 
however,  as  the  attraction  of  the  armature  is  effected,  the  contact 
lever  is  attracted  a  little  back  by  it,  and  therefore  falls  back  from 
the  top  of  the  tooth  and  breaks  the  circuit,  by  which  means  the 
type  wheel  again  becomes  free  after  the  printing  has  been  effected, 
and  is  drawn  forwards  or  backwards  to  its  position  of  rest. 

Instead  of  drawing  the  type  wheel  back,  we  let  it  turn  for- 
ward in  its  original  direction  into  its  position  of  rest  against  a 
stop  momentarily  pushed  forward  for  its  arrest  by  the  printing 
mechanism.  This  last  arrangement  has  the  advantage  that  the 
inking  of  the  types  can  be  effected  in  the  usual  way  by  an  inking 
wheel,  whereas  with  the  first  described  way,  the  printing  must  be 
carried  out  with  the  help  of  transfer  paper.  Instead  of  carrying 
out  the  preparation  of  the  messages  by  means  of  the  chain  or  box 
writer  simultaneously  with  their  telegraphing,  we  can  also  prepare 
the  messages  in  a  perforated  paper  strip  with  Siemens  and  Halske's 
key  perforator  and  dispatch  the  messages  so  prepared  with  the 
help  of  a  clockwork  (current  sender)  which  draws  the  paper 
strip  through  the  springs,  brushes  or  rollers  producing  the 
contact. 

Instead  of  communicating  different  movements  in  the  same  or 
opposite  direction  to  the  part  carrying  the  type  in  the  manner 
described  by  the  action  of  currents  of  different  direction,  and  of 
bringing  a  certain  type  to  the  printing  position  by  a  suitable  com- 
bination of  such  currents,  we  can  also  allow  the  currents  (with  or 
without  the  help  of  clockwork)  to  act  on  two  separate  pointers  in 
such  a  way  that  each  positive  current  moves  one  pointer,  each 
negative  current  the  other  pointer  one  step.  After  each  step  the 
pointers  come  in  contact  with  metal  stops  or  springs,  which  are 
fixed  insulated  on  the  field  of  the  pointers  in  such  a  way  that  they 
can  be  trailed  over  by  the  respective  moving  pointers,  without 
thereby  stopping  them.  All  the  pins,  which  can  be  simultaneously 
touched  by  their  respective  pointers,  are  connected  with  each  other 
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by  leading  wires,  the  number  of  which  is  very  great  in  comparison 
with  the  number  of  pins.  In  each  of  these  wires  the  windings  of 
one  electro-magnet  are  connected  up,  which  as  soon  as  it  is 
energized  by  a  local  current,  brings  a  stamp  with  a  determined 
sign  to  the  printing  place  and  prints  it  on  a  paper  strip,  then 
brings  both  pointers  to  their  position  of  rest  by  means  of  a 
mechanism  used  in  common  by  all  the  electro-magnets  and  again 
draws  forward  the  paper  strip  by  a  corresponding  piece. 

The  pointers  are  in  connection  with  the  opposite  poles  of  a  locd 
battery ;  as  soon,  therefore,  as  they  touch  any  two  pins  simulta- 
neously for  any  length  of  time  they  allow  a  current  in  the  corres- 
ponding wire  connecting  the  two  pins,  which  with  the  assistance  of 
the  corresponding  electro-magnet  in  circuit  brings  about  the 
printing  of  a  sign,  the  backward  moTement  of  the  pointer  to  its 
position  of  rest,  and  the  necessary  advance  of  the  paper.  As  the 
short  line  currents,  which  effect  the  placing  of  the  pointers  on  two 
corresponding  pins,  follow  quickly  on  one  another,  only  quite  short 
currents  can  arise  in  some  of  the  local  lines  with  the  movement  of 
one  or  other  pointer  before  the  desired  position  is  reached,  and  these 
are  not  strong  enough  to  attract  the  electro-magnet  and  to  print 
wrong  signs. 

We  consider  as  new  and  as  our  special  invention — 

1.  The  automatic  preparation  of  messages  to  be  dispatched,  by 
a  suitable  shifting  of  pins,  which  are  placed  in  endless  chains,  or 
on  the  circumference  of  boxes  (cylindrical  barrels). 

2.  Specially  the  simultaneous  shifting  of  all  the  pins  necessary 
for  the  automatic  bringing  forward  of  a  telegraphic  writing  sign, 
through  one  depression  of  a  key  by  means  of  mechanism  similar 
to  that  which  has  been  used  in  Siemens  and  Halske^s  so  called  key 
perforator. 

8.  The  intermittent  advance  of  the  chain  or  box  in  such  a  way, 
that  after  each  depression  of  a  key,  pins  not  pushed  forward  with 
the  necessary  spaces  are  brought  in  front  of  the  thrusters  controlled 
by  the  keys  without  loss  of  time. 

4.  The  simultaneous  automatic  telegraphing  of  the  prepared 
messages,  following  the  preparation,  with  the  help  of  a  weight  or 
spiral  spring,  which  is  either  independently  wound  up  or  is  wound 
up  by  the  intermittent  advancing  chain  or  box,  and  then  in  its  turn 
moves  the  sending  mechanism. 


WERNER    VON  SIEMENS.  355 

5.  The  automatic  pushing  back  of  the  pins  into  their  normal 
position  after  the  telegraphing. 

6.  The  arrangement  described  of  allowing  the  contact  making 
mechanism  rotating  regularly  and  continuously  in  the  box  to  take 
part  in  the  intermittent  movement  of  the  box  without  disturbing 
their  relative  speed. 

7.  The  contact  arrangement  as  described,  which  depends  on  a 
flat  spring  (in  certain  cases  two)  exposed  in  the  direction  of  its 
length  to  a  powerful  elastic  pressure,  whereby  the  spring  is  pressed 
against  one  or  other  of  the  side  stops,  when  it  is  removed  by 
pressure  or  by  a  blow  from  the  other  position  of  rest. 

8.  The  arrangement  connected  therewith  by  which  short  alter- 
nate currents  are  sent  into  the  line,  and  the  latter  is  discharged 
after  each  current. 

9.  The  arrangement  described,  by  which  currents  of  different 
direction  and  different  length  can  be  adjusted  to  the  same  length 
by  the  action  of  an  electro-magnet,  and  the  line  can  be  discharged 
in  addition. 

10.  The  arrangement  described  of  automatic  current  senders  with 
type  wheels,  cylinders  or  discs,  which  are  drawn  forward  or  backward 
after  the  completion  of  each  printing  into  their  position  of  rest. 

11.  The  reduction  of  the  number  of  the  currents  necessary  for 
(he  correct  adjustment  of  the  printing  types  concerned,  by  the 
use  of  positive  and  negative  currents,  in  such  a  way  that  through 
their  proper  combination  the  printing  wheel  or  the  printing  axle 
or  disc  is  correctly  placed  for  printing  by  the  use  of  the  smallest 
possible  number  of  currents.  Specially  the  arrangement  described 
by  which  the  printing  wheel  is  moved  by  a  current  in  one  direc- 
tion by  three,  four  or  more  letters,  and  by  a  current  of  opposite 
direction  on  the  contrary  by  one  step  forwards. 

12.  The  rattle  contact  as  described. 

18.  The  sequence  of  letters,  types,  &c.  on  the  printing  wheel  in 
such  a  way,  that  those  which  occur  more  frequently  are  brought  by 
a  smaller  number  of  currents  to  the  printing  place,  than  those 
which  occur  more  seldom. 

14.  The  arrangement  described  of  the  type  printer,  in  which 
the  necessary  movements  for  printing  each  sign  are  carried  out  by 
a  special  electro-magnet,  which  is  set  in  action  by  a  determined 
simultaneous  position  of  two  pointers. 

A  A  2 
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The  accompanying  drawings  show  the  sender  diagrammaticallj 
in  some  of  its  above  described  modifications,  without  reference  to 
dimensions,  and  with  the  omission  of  all  unessential  parts,  or  such 
as  obscure  the  view. 

Of  the  keys  one  only  is  always  shown  (T),  and  also  only  one  of 
the  filed  out  plates  (S),  movable  by  the  depression  of  the  key. 
As  understood,  the  transverse  pieces  (QQ)  lying  in  front  of  the 


Fig.  158. 


plates  (S)  appear  foreshortened  to  lines,  and  most  of  the  part» 
(HH)  for  transmitting  the  pushing  of  the  transverse  pieces  to  the 
pins,  are  equally  assumed  as  taken  off.  The  contact  levers  are 
denoted  by  0,  which  in  the  sketch  of  the  sender  are  shown  in. 
their  simplest  form,  by  B  the  rollers  or  oblique  surfaces  effecting 
the  pushing  back  of  the  pins. 

Fig.  158  shows  the  sender  for  Morse  writing  with  an  endless 
chain,  and  therefore  with  pins  movable  towards  one  side  only, 
and  in  this  case  driven  by  clockwork.  The  shifting  of  the  pins, 
is  carried  out  in  the  portion  of  the  chain  e  e  lying  straight  between 
the  setting  up  wheels  UU,  which  rotate  in  fixed  relation  to  one 
another ;  a  represents  the  pawl,  with  oblique  surface  filed  away 
sideways,  which  is  raised  out  of  the  teeth  of  the  ratchet  wheel  j!?, 
by  the  passing  of  the  pins,  whence  in  consequence  of  the  pull 
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of  tlie  gpriug  F  the  ctiiun  is  set  ia  motion,  and  remaina  so  aatil 
the  last  pia  paehed  forward  hae  passed  nnder  the  obliqae  surface 
of  the  pawl,  g  is  the  sending  wheel  tnmed  by  clockwork  with 
nnifonn  velocity  ia  the  direction  of  the  arrow,  at  which  the 

FiR.  1E9. 


telegraphing  of  the  sigos  takes  place,  and  which  the  i^ing  F  again 
winds  up. 

Fig.  159  repieaente  a  chain  sender  in  which  all  motions  originate 
from  the  depression  of  the  key,  and  which  is  arranged  for  sending 
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cmrents  in  two  directions  and  in  aaj  desired  grouping  (^inhcil 
writing  type  printing)  in  which  also  the  pins  on  the  chains  are 


sfaiJ^  to  both  sides.  Accordingly  the  levers  H  H,  transferring 
the  shifting  of  the  transverse  pieces  Q  Q  to  the  pins  on  the  chain, 
have  differently  situated  pivots  x  and  y,  according  as  the  shifting 
of  the  transverse  piece  is  transferred  as  right  or  left  shifting  to  the 
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pin  found  at  the  corresponding  plaoe  through  the  lever  standing  in 
oonnection  with  it. 

M  is  the  lever  described  with  its  pivot  at  v  situated  peculiarly 
to  the  transverse  plates,  which  turns  the  setting  up  wheel  U 
through  a  correspondingly  large  angle,  by  its  varyingly  large  stroke, 
according  to  the  lengths  of  the  sign  simultaneously  pressed  down 
by  a  key,  by  means  of  the  connecting  bar  S  and  the  pawl  w  gear- 
iog  into  the  ratchet  E  borne  by  the  axis  A  of  the  setting  up  wheel. 
This  intermittent  rotation  of  the  axis  of  the  setting-up  wheel 


Fig.  161. 
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winds  up  a  watch  spring  fixed  at  /,  by  which  the  sending  wheel  0 
is  set  in  rotation  with  a  velocity  regulated  by  the  fly  W. 

Fig.  160  represents  the  box  sender  for  Morse  writing,  driven  by 
a  weight,  which  can  naturally  be  replaced  by  a  spring  motion,  D 
represents  the  loose  box  capable  of  turning  about  the  axle  9n,  on 
the  circumference  of  which  the  pins  are  placed,  a  the  pawl  with 
oblique  surfaces  which  is  raised  by  the  projecting  pins  for  the 
necessary  time  out  of  the  tooth  rim  A,  i  the  pointer  with  the 
pliable  points  trailing  over  the  pins,  K  the  toothed  wheel  firmly 
fixed  on  the  pointer  axle  M,  lying  inside  the  box,  which  gears  with 
the  fly  W  firaily  pivotted  to  the  box  which  takes  the  driving  force 
of  the  weight,  P  the  spring,  which  is  wound  up  by  the  step-by- 
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step  motion  of  the  box  and  which  brings  about  the  jomping  back 
of  the  pointer  %  against  the  stop,  on  the  rotation  of  the  fly  W. 

Fig.  161  shows  in  its  npper  half  the  contact  arrangement 
described  with  the  contact  spring  e  bulged  in  the  middle  by  the 
pressure  of  the  spring  h,  and  with  the  end  E  of  a  contact  lever, 
projecting  into  the  insulated  fork  prongs.  Those  points  which 
are  connected  up  in  the  circuit  and  can  be  utilized  with  corres- 
ponding connection  according  to  the  corresponding  contact,  are 
represented  by  the  arrows  flying  from  them.  The  lower  portion 
of  Fig.  161  represents  the  described  arrangement  and  connection, 
with  the  application  of  a  special  electro-magnet  for  shortening  the 
currents  sent  forth  from  the  contact  lever,  of  a  sender  of  alter- 
nating direction  and  variable  duration. 


IMPROVED  METHOD  OF  CABLE  SPEAKmG.* 

The  object  of  this  invention  is  the  improvement  of  contrivances 
for  the  quick  transmission  of  telegraphic  signals  through  long 
submarine  or  underground  lines.  For  this  purpose  I  so  arrange  a 
battery  at  both  ends  of  the  line  between  the  line  and  the  earth, 
that  a  continuous  current  of  similar  direction  passes  through  the 
cable.  Then,  by  the  insertion  of  suitable  resistances,  I  arrange  that 
the  electric  potential  is  nil,  either  at  the  beginning  of  the  line  or 
in  the  middle  of  it.  In  the  first  case  the  relay  is  placed  between 
the  end  of  the  line  and  the  earth,  in  the  second,  between  the  end 
of  the  line  and  a  middle  element  of  the  battery  connected  to  the 
latter.  In  both  cases  by  a  proper  adjustment  of  the  resistances 
inserted,  no  current  passes  through  the  relay  as  long  as  the  current 
passing  through  the  cable,  remains  constant.  But  as  soon  as  the  elec- 
trical potential  increases  or  diminishes  at  the  sending  end  of  the  line, 
a  positive  or  negative  current  passes  through  the  windings  of  the 
relay  and  sets  it  in  activity.  As  the  cable  ends  are  in  conductive 
connection  with  the  earth  through  their  batteries,  after  each 
fluctuation  of  the  charge  which  takes  place,  equilibrium  is  again 

«  (English  Patent,  No.  1307,  of  16th  April,  1874.)    1874. 
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bronght  about.    An  essential  advantage  of  the  contriyance  is,  that 
the  cable  always  remains  charged  in  the  same  sense  in  its  whole 
extent,  whereby  the  speed  of  transmission  of  the  signals  through 
the  cable  increases,  and  the  latter  itself  is  better  preserved. 
'     Fig.  162  gives  a  diagram  of  the  two  arrangements  nsed  by  me. 

In  diagram  I  the  line  L I  represents  the  cable,  Z  E  is  a  resis- 
tance. The  line  alh  represents  the  fall  of  potential  existing  at 
each  point  of  the  line  according  to  Ohm's  law,  when  the  E  M  F  of 


Fig.  162. 
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the  batteries  B  and  B'  is  represented  by  the  ordinates  L  a  and  B  I. 
A  current  only  passes  through  the  relay  I  inserted  between  the 
point  I  of  zero  potential  and  the  earth,  when  the  potential  of  the 
initial  point  L  of  the  cable  is  altered.  This  alteration  I  effect 
either  by  the  insertion  or  removal  of  resistance  between  the  battery 
pole  not  connected  to  earth  and  the  cable,  or  by  altering  the 
strength  of  the  battery,  or  by  inserting  permanently  between. the 
battery  and  cable,  a  corresponding  fixed  constant  resistance  and 
bringing  the  cable  itself  alternately  in  conductive  connection 
with  a  properly  chained  and  a  discharged  condenser  of  suitable 
capacity,  thereby  giving  to,  or  withdrawing  from,  the  charge  of 
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the  cable  a  correctly  measured  qnantitj  of  electricity  as  most  con* 
yenient  for  the  prodnction  of  distinct  and  quick  signals.  Ta 
strengthen  the  action  of  the  relay,  I  allow  the  resistance  Z  B  to 
consist,  for  the  most  part,  of  one  winding  wire  of  a  bifilar-wrapped 
coil  of  wire  with  movable  iron  core.  The  second  wound  wire  of 
this  coil  of  wire,  is  connected  at  the  battery  end  with  the  earth, 
at  the  other  end  withZ;  the  induction  currents  existing  in  it 
strengthen  the  motion  of  the  relay  and  make  them  at  the  same 
time  more  exact,  in  that  they  shorten  the  current  passing  through 
the  relay.  The  same  result  can  also  be  obtained  by  the  insertion 
of  condensers. and  resistances  between  the  relay  and  earth. 

In  the  diagram  II  the  point  of  zero  potential  M,  lies  in  the 
middle  of  the  cable  in  case  this  is  faultless.  But  if  the  cable  has 
an  inj&red  place  of  faulty  insulation,  the  point  of  zero  potential  ia 
so  displaced  by  a  suitable  choice  of  resistances  B  L  and  I  r,  that 
it  coincides  with  the  faulty  place,  therefore  no  permanent  current 
passes  through  the  latter.  The  relays  are  in  this  arrangement 
inserted  between  the  end  of  the  cable  and  such  points  of  the 
permanently  inserted  battery  B  B,  that  the  E  M  F  of  both 
portions  of  the  battery  vary  as  the  resistances  B  L  and  r  /» 
in  which  case  no  current  passes  through  the  relay.  As  to  the 
rest  in  this  arrangement,  the  same  dispositions  exist  as  in 
arrangement  I. 

The  arrangement  II  can  also  be  used  to  determine  with  exact- 
ness  the  position  of  a  fault  in  the  cable,  by  replacing  the  relay  by 
a  sensitive  galvanoscope ;  and  inserting  or  withdrawing  resistances, 
on  both  sides  until  both  galvanoscopes  are  without  current.  From 
the  resistances  so  necessary,  the  distance  of  the  fault  from  the 
middle  of  the  cable,  is  given.  This  method  has  the  further 
advantage,  that  the  polarization  of  the  fault  has  not  to  be  taken 
into  account,  as  at  the  moment  that  both  galvanoscopes  are  with- 
out current,  the  point  of  zero  potential  of  the  cable  coincides  with 
the  place  of  the  fault. 

I  consider  as  my  invention  : — 

1.  The  described  method  of  letting  continuous  similarly  directed 
currents  pass  through  submarine  or  underground  lines  by  means 
of  batteries  and  inserting  the  receiving  apparatus  in  currentless 
branches  which  are  formed  of  proper  combinations  of  resistances. 

2.  The  production  of  currents  of  alternate  direction  in  the 
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receiving  apparatus  by  altering  the  potential  of  the  distant  cable 
end 

8.  The  described   arrangement  of  induction    resistances  for 
strengthening  and  shortening  the  signals  sent  through  the  line. 


ELECTRIC    LIGHT* 

Several  articles  on  the  electric  light  in  these  pages,  written 
not  without  knowledge  of  the  subject,  compel  me  to  write  a 
few  lines  in  coiTection.  I  am  specially  compelled  to  do  this 
on  account  of  .the  concluding  sentence  of  the  article  on  the 
Oranmie  machine  in  No.  94  of  this  jouma!,  in  which  the 
German  love  of  justice  is  invoked  in  order  duly  to  acknowledge 
the  prominent  merit  of  M.  Granmie,  whilst  the  German  perform- 
ances in  the  same  department  are  only  slightly  noticed,  and  in 
another  article,  when  an  imitation  of  the  Gramme  machines  by 
an  Elberfeld  mechanic  was  described,  this  gentleman^s  work  is 
commended. 

It  is  first  necessary,  to  make  clear  the  difference  between 
magneto-electric  and  dynamo-electric  current  generators,  as  they 
are  frequently  confounded,  and  false  conclusions  are  thus  often 
arrived  at. 

Magneto-electric  current  generators  or  machines,  was  the  name 
given  to  machines  constructed  by  Pixii,  Saxton,  and  many  others, 
after  the  discovery  of  magnetic  induction  by  Faraday,  in  which 
steel  magnets  were  the  only  source  of  the  current  produced,  before 
the  poles  of  which  electro-magnets  were  passed,  or  on  which  coils 
of  wire  were  pushed  to  and  fro.  In  opposition  to  the  magneto- 
electric  machines  in  which  the  electric  current  is  generated  by 
existing  magnetism  by  means  of  work  expended,  stand  the  electro- 
magnetic machines,  in  which  work  is  produced  by  existing  electric 
current,  with  the  help  of  the  electro-magnetism  produced  by  it. 
Such  magneto-electric  machines  have  the  disadvantage  that  the 

•  (Elberfeld  Gazette,  April,  1877.)    1877. 
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work  of  the  machines  does  not  increase  in  proportion  with  their 
dimensions,  as  the  steel  magnets* mutually  weaken  each  other. 
Nevertheless,  the  Alliance  Go.  in  Paris,  succeeded  in  making 
magneto-electric  machines,  which  served  for  the  production  of  the 
electric  arc  light,  and  are  also  still  used  for  electric  lighting. 
These  machines  did  not  find  further  application,  on  the  ground 
that,  too  great  masses  of  steel,  iron  and  copper  wire  were  necessary 
in  order  to  produce  powerful  action,  whereby  they  became  too  heavy 
and  costly.  I  succeeded  to  a  certain  extent  in  diminishing  this 
disadvantage  by  the  construction  of  the  rotary  cylinder  armature, 
which  has  since  obtained  universal  application  in  electrical  engin- 
eering, and  in  manufacturing  with  its  help  powerful  magneto- 
electric  machines  of  much  smaller  dimensions.  Wilde  in  England 
made  a  yet  further  step  in  advance,  by  combining  two  machines 
made  on  my  system,  of  which  the  larger  was  provided  with  an 
electro-magnet  instead  of  a  steel  magnet.  If  both  cylinder 
armatures  were  rotated  by  a  motor,  and  the  current  from  the 
small  magneto-electric  machine  passed  through  the  windings  of 
the  large  electro-magnet,  this  became  powerfully  magnetic,  and 
produced  very  powerful  currents  in  the  windings  of  the  rotating 
large  cylinder  magnet. 

The  technical  knowledge  of  the  production  of  electric  currents 
by  means  of  mechanical  power  had  extended  thus  far,  when  I 
succeeded,  in  the  autumn  of  1866,  in  obviating  entirely  the  need 
of  steel  magnets.  The  well-known  fact  that  the  electric  current 
driving  an  electro-magnetic  machine  is  considerably  weakened  by 
the  induced  currents  produced  in  the  windings  of  the  electro- 
magnets, made  it  appear  probable  to  me  that  by  driving  a  properly 
constructed  electro-magnetic  machine  backwards,  the  slight 
magnetism  remaining  in  the  electro-magnets  must  be  considerably 
increased,  since  the  induced  cun*ent8  are  then  produced  in  the 
same  direction  as  those  due  to  the  existing  magnetism,  therefore, 
current  and  magnetism  must  simultaneously  inci-ease  up  to  the 
limit  of  the  magnetic  maximum  of  the  iron.  Experience  con- 
firmed my  conjecture.  I  called  this  new  kind  of  current  produc- 
ing machine  dynamo-electric,  as  by  it  mechanical  force  is  directly 
changed  into  electric  currents,  whilst  the  magnetism  only  appears 
as  an  intermediate  product,  not  as  the  real  source  of  the  current 
produced. 
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A  few  weeks  after,  on  the  17th  January,  1867, 1  had  brought 
before  the  Royal  Academy  of  Sciences  the  explanation  of  the  prin- 
ciple of  the  dynamo-electric  machine.  Professor  Wheatstone  also 
published  the  same  idea  in  England  without  knowing  of  my  work. 
However,  according  to  the  general  rule  in  science,  the  first  publica- 
tion gives  priority,  and  as  I  had  already  shown  in  December,  1866^ 
to  several  scientists  and  engineers  of  Berlin  a  dynamo-electric 
machine  in  action,  the  system  of  dynamo-electric  machines  is  an 
undoubted  and  exclusively  German  invention.  Of  course  the 
form  of  carrying  out  the  dynamo-electric  principle  can  be  con- 
siderably varied. 

Mr.  Ladd,  of  England,  exhibited  in  the  Paris  Exhibition  of 
1867  an  almost  exact  copy  of  my  dynamo-electric  machine, 
with  cylinder  magnets,  without  mentioning  the  origin  of  it. 
Mr.  Gramme,  in  Paris,  subsequently  treated  both  me  and 
Mr.  Pacinotti,  the  discoverer  of  the  falsely-so-called  Gi-amme 
ring,  in  the  same  way. 

To  Mr.  Gramme  belongs  the  acknowledged  credit  of  having 
improved  the  Pacinotti  magneto-electric  machine,  which  he 
(Pacinotti)  had  already  described  in  the  year  1864  in  the  "Nuova 
Cimento,"  but  which  had  been  forgotten  again,  and  by  replacing 
the  steel  magnet  by  an  electro-magnet  inserted  in  the  circuit,  of 
having  changed  it  into  a  dynamo-electric  machine.  His  invention, 
however,  is  narrowed  to  this  combination. 

The  Pacinotti  ring  is  so  far  unfavourable  that  only  the  outer 
portions  of  its  windings  generate  current,  whilst  the  portions  of  it 
lying  inside  the  ring,  hence  one  half  of  the  sun*ounding  wire,, 
have  no  effect.  Oui*  Herr  v.  Hefner  Alteneck  has  entirely  over- 
come this  disadvantage  by  means  of  a  combination,  underatood 
only  with  difficulty  without  a  drawing,  of  exclusively  external 
windings  of  the  ring,  or  in  place  of  this  of  a  massive  cylindrical 
iron  core.  Such  dynamo-electric  machines  were  ah:eady  exhibited 
in  the  Vienna  Exhibition  of  1873  by  my  firm  (Siemens  and 
Halske),  and  have  since  been  constructed  by  them  in  great 
numbers. 

The  advantage  of  this  machine  over  that  of  Gramme  consists, 
as  already  stated,  in  that  nearly  the  whole  of  the  wire  in  motion 
acts  inductively,  so  that  such  a  machine  produces  nearly  double  the- 
lighting  effect  of  a  Gramme  machine  of  the  same  9^.    By  means 
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of  comparative  experiments  carried  out  in  England  and  Broasels 
this  advantage  of  our  machine  is  positively  confirmed. 

Not  only  the  discovery  but  also  the  best  constmction  of  the 
dynamo-electric  machine  can,  therefore,  with  full  right  be  claimed 
for  Germany. 

This  is  also  true  as  regards  electric  lamps,  of  which  only  the 
French  Serrin  has  been  mentioned  in  the  articles  of  this  journal 
on  electric  light.  The  new  lamps  produced  by  my  firm  differ 
principally  from  the  French  in  that  the  carbons  are  separated  from 
one  another  by  means  of  an  automatically  acting  electro-magnet, 
in  place  of  clockwork,  whilst  the  weight  of  the  carbon  itself  and 
its  carrier  brings  them  together.  The  advantages  of  these  German 
lamps  are  everywhere  recognized.  Notwithstanding  the  above- 
mentioned  essential  improvements  in  electric  lighting,  proceeding 
largely  from  Germany,  the  exaggerated  expectations  which  are 
now  connected  with  it  are  to  be  deprecated. 

Electric  light  up  to  the  present  suffers  from  the  great  disad- 
vantage that  a  single  machine  can  only  with  safety  supply  a  single 
lamp.  Such  a  lamp  gives  then,  according  to  the  size  of  the  machine, 
a  light  of  1,000,  4,000,  or  15,000  candles,  with  the  expenditure  of 
one,  two,  or  six  horse-power  respectively.  For  lighting  evenly 
large  spaces,  and  for  most  lighting  purposes,  which  gas-lighting 
has  to  fulfil,  the  concentration  of  the  light  is,  however,  very  dis- 
advantageous. It  is  possible  that  advancing  art  will  in  time  over- 
come this  weak  point  of  electric  lighting  ;  this  path  has  already 
been  followed  up  with  profit,  but  in  the  meantime  a  general  appli- 
cation of  electric  in  place  of  gas  light  is  not  to  be  expected.  '  The 
consideration  is  also  against  it,  that  the  electric  lamps  cannot  be 
placed  at  a  great  distance  from  the  light  machine  unless  very  thick 
and  therefore  costly  copper  conducting  wires  are  used. 

I  may  be  allowed,  finally,  to  add  a  few  remarks  on  the  already 
mentioned  appeal  to  the  German  love  of  justice  in  favour  of 
foreign  inventors.  The  Germans  possess  and  exercise  this  love  of 
justice  as  regards  foreign  performances  in  a  prominent  degree. 

This  not  only  holds  good  as  regards  German  science,  when  it  is 
always  considered  a  point  of  honour,  in  the  description  of  certain 
•undertakings,  conscientiously  to  give  the  labours  of  others  in  the 
same  direction,  but  also  as  regards  the  German  public,  which  is 
even  always  inclined  to  prefer  what  is  foreign,  "come  from  abroad/' 
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to  home  prodacts.  This  leads  very  frequently  to  a  manifest  in- 
jofitioe  to  the  latter,  and  forms  a  great  obstacle  to  the  saccess- 
f  al  progress  of  home  industry.  Whilst  England,  France,  America 
always  r^ards  with  pride  the  productions  of  its  own  industry 
and  is  always  ready  to  give  the  preference  to  their  productions,  it 
is  the  contrary  with  us. 

German  industry  is  frequently  compelled,  through  this  prejudice 
of  the  German  public  for  foreign  productions,  to  bring  their  best 
products  before  the  market  as  foreign,  in  order  to  obtain  corres- 
ponding prices  and  sale,  and  only  to  issue  indifferent  cheap  ware 
as  their  own  manufacture.  That  injures  the  respect  for  our 
industry  considerably,  and  stops  their  growth  and  progress.  May 
the  pride  with  which  a  €krman  can  now  fortunately  regard  his 
united  powerful  &therland  soon  lead  him  to  be  at  least  as  just  as 
regards  home  as  foreign  productions. 


SIEMENS  AND   HALSKE'S  SOOT  WRITER.* 

This  writing  apparatus,  represented  in  Pig.  168,  works,  like 
Morse's  original  writing  telegraph,  Froment's  writing  apparatus, 
and  Thomson's  syphon  recorder  in  such  a  way  that  the  writing 
style  describes  on  a  paper  strip  a  continuous  straight  line,  when 
no  current  passes  through  the  line,  but  that  this  line  experiences  a 
deflection  to  the  one  or  other  side,  if  and  so  long  as  a  positive  or 
negative  current  traverses  the  line.  Differing  from  the  above 
mentioned  and  other  known  telegraph  apparatus  the  writing  line 
19  produced  by  the  soot  writer  in  such  a  way  that  a  continuous 
blackened  paper  strip  is  led  past  the  writing  point,  which  presses 
lightly  on  it,  whereby  the  soot  clinging  loosely  to  the  paper  is 
removed  from  the  path  described  by  the  style,  and  this  shows 
itself  as  a  fine  and  distinctly  white  line.  The  continuous 
blackening  of  the  paper  band  is  effected  by  the  paper  being 
led  forward  under  a  roller  of  metal  kept  cold,  to  which  it  closely 
adheres,  or  another  material  which  is  a  good  conductor  of  heat, 

•  (EDgliah  Patent,  No.  1871,  of  14th  May,  1877.)    1877. 
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beneath  vhicb  the  amoky  flame  bums,  aud  is  thus  kept  cold 
itself.  In  this  way  the  burning  or  charring  of  the  paper  is  pre- 
vented. In  Older  to  flx  the  soot  on  the  paper,  and  U>  make  the 
writing  thereby  permanent,  the  smoked  strip  of  paper,  after  it  has 
taken  np  the  writing,  is  led  through  under  a  hollowed  roller,  the 

Fig,  163. 


nader  portion  of  which  dips  into  a  vessel  c,  filled  with  alcohol, 
ether,  or  other  liquid.  If  rosin  or  some  snch  binding  material  ia 
dissolved  in  this  liquid  it  completely  fixes  the  soot  after  drying, 
[n  order  to  accelerate  this,  we  allow  the  paper  strip  before  ib 
reaches  the  rollers  of  the  clockwork,  which  drives  it  forward 
continuously,  to  pass  fomard  as  a  rule  over  a  multiple  wire 
netting,  beneath  which  a  small  flame  bums.* 
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The  motion  of  ihe  writing  point  is  brought  aboat  either  by  a 
polarized  relay^  with  the  moving  tongue  of  which  the  writing  point 
is  connected,  or  by  a  light  coil  of  wire,  which  we  usually  prepare 
from  aluminium  wire  covered  with  silk,  and  which  is  suspended  in 
a  powerful  ring-shaped  magnetic  field.  In  the  first  case  the 
magnetic  relay  tongue,  movable  between  the  poles  of  the  electro- 
magnet, is  held  back,  or  it  may  be  brought  back  into  the  position 
of  rest  between  the  magnet  poles  by  means  of  a  spring  the  force 
of  which  increases  more  quickly  when  it  is  moved  from  the  posi- 
tion of  rest  than  the  magnetic  attraction  between  the  poles  and 
the  tongue.  This  spring  force  is  brought  about  most  simply  by 
keeping  the  tongue  fixed  in  its  place  of  rest  by  means  of  a  stretched 
thread  of  steel  wire  or  other  elastic  material,  to  the  middle  of 
which  it  is  fixed.  By  altering  the  length  and  tension  of  the  thread 
the  ratio  of  the  restoring  force  to  the  deflection  from  the  place  of 
rest  can  be  regulated  at  will. 

For  long  submarine  or  underground  lines,  in  which  a  greater 
sensitiveness  is  requisite  than  can  be  obtained  by  electro-magnets 
in  order  to  obtain  sufficient  velocity,  we  use  the  coil  of  aluminium 
wire  supended  from  the  spiral  spring  for  the  motion  of  the  writing 
style.  In  order  to  bring  back  the  same  with  suflicient  rapidity 
into  the  position  of  rest,  and  to  keep  it  at  the  same  time  swinging 
freely  in  the  ring-shaped  magnetic  field  without  side  fluctuations, 
two  horizontally  stretched  elastic  wire  threads  pass  through  the 
point  of  suspension  of  the  coil  to  the  spring,  which  serve  at  the 
same  time  as  conducting  wires  for  the  aluminium  wire  of  the  coil. 
This  arrangement  has  the  advantage  over  that  used  by  Bain  and 
later  by  Thomson  in  his  syphon  recorder,  in  which  the  spiral  of 
wire  turns  around  an  axis  lying  in  the  plane  of  its  middle  winding 
of  much  greater  sensitiveness,  because  in  it  each  portion  of  the 
coil  moves  with  similar  velocity,  and  therefore  causes  equal  mo-* 
mentum,  and  because,  farther,  the  coil  completely  fills  the  mag- 
netic field,  and  because,  finally,  the  latter  is  much  more  powerful 
than  that  of  Bain's  arrangement,  in  which  the  magnet  poles  stand 
much  further  from  one  another,  and  enclose  a  double  intermediate 
space  with  enclosed  iron  core. 

What  we  consider  as  new  and  our  invention  is : — 

1.  The  use  of  blackened  paper  strips  for  the  receipt  of  tele- 
graphic messages,  as   well   as  the    above-described   manner  of 
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blackening  and  the  fixing  of  the  soot  after  receipt  of  the 
message. 

2.  The  motion  of  the  writing  style  by  a  coil  of  wire  swinging 
in  a  powerful  riAg-shaped  magnetic  field,  or  by  the  tongue  of  a 
polarized  relay,  which  are  kept  in  the  position  of  rest,  or  are 
respectively  brought  back  into  it  by  the  action  of  a  spring. 

8.  The  use  of  a  stretched  elastic  thread,  in  the  middle  of  which 
the  relay  tongue  is  fixed  for  producing  this  spring  power. 


THE  SELENIUM  PHOTOMETER.* 

1877. 

Gentlemen, — ^Whoever  has  been  engaged  in  photometric  re- 
searches knows  how  varying  the  results  of  such  experiments  are,  so 
that  the  same  observer  with  the  same  apparatus  not  only  obtains 
varying  results,  but  that  another  observer  who  repeats  the  obser- 
vations arrives  at  totally  different  results.  An  instrument,  there- 
fore, which  can  introduce  more  certainty  into  photometric  deter- 
minations must  be  hailed  with  satisfaction  by  all  experts.  As  the 
arrangement  of  the  selenium  photometer  is  altogether  new,  you 
will  allow  me,  before  describing  the  instrument,  to  refer  to  its 
history.  Superintendent  May,  of  the  Valencia  cable  station,  dis- 
covered the  wonderful  property  of  the  sensitiveness  to  light  of 
selenium,  which  had  been  employed  as  a  standard  of  resistance  on 
account  of  its  great  conductive  resistance.  Lieutenant  Sale,  Pro- 
fessor Adams,  and  Dr.  Werner  Siemens  have  gone  more  closely 
into  the  matter. 

Selenium,  a  simple  semi-metal  (metalloid)  discovered  in  1817  by 
Berzelius,  is  a  body  similar  to  glass,  and,  when  melted  and  quickly 
cooled  in  thin  layers  allows  light  to  pass  through  with  a  red 
colour.  It  is  in  this  condition  a  perfect  insulator  of  the  electric 
current.  If  this  amorphous  selenium  is  heated  above  100*"  C,  it 
softens,  gives  up  much  latent  heat,  becomes  perfectly  crystalline 
even  in  the  thinnest  layers,  and  now  conducts  electricity  to  a  very 

*  (Commnnication  of  Mr.  G.  Frischen  at  the  Seventeenth  Annual  Meeting 
of  the  Society  of  Gas  and  Water  Engineers  of  Germany,  in  June,  1877.) 
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slight  extent.  It  thns  attains  the  property  of  conducting  elec- 
tricity like  liquids,  that  is  the  conductivity  increases  with  the 
temperature,  and  therefore  it  behaves  like  carbon  and  tellurium. 
In  this  condition  selenium  is  sensitive  to  light,  for  its  conductivity 
increases  with  illumination^  although  only  to  a  small  extent.  This 
action  takes  place  with  any  coloured  light,  bu^  the  action  of 
coloured  light  of  the  prismatic  colours  increases  uninterruptedly 
from  violet  to  red.  The  invisible  chemically  acting  rays  and  the 
dark  heat  rays  lying  at  the  other  end  of  the  spectrum  give  no 
direct  light  action.  In  this  respect  selenium  behaves,  therefore, 
similarly  to  the  retina  of  the  eye. 

Dr.  W.  Siemens  succeeded,  by  heating  amorphous  selenium  for 
several  hours  at  a  temperature  of  210°  C,  in  producing  a  new 
modification  of  selenium,  which  possesses  the  property  of  a 
metallic  conductor,  the  resistance  of  which  diminishes  with  in- 
creasing heat.  This  modification  of  selenium  has  much  greater 
conductivity,  and  correspondingly  greater  sensitiveness  to  light, 
and  the  latter  is  also  constant  in  a  high  measure.  Dr.  Siemens 
also  succeeded  in  preparing  from  this  selenium  easily  sensitive 
preparations,  which  show  with  certainty  even  the  slightest  dif- 
ference of  light,  and  he  further  found  that  the  increase  of  con- 
ductivity of  these  selenium  preparations  varied  nearly  as  the  square 
root  of  the  strength  of  the  light. 

Dr.  Siemens  now  aimed  at  basing  a  photometer  on  this,  which 
should  give  the  strength  of  light  directly,  and  which  does  not 
compare  lights  with  one  another,  as  all  known  photometers  do. 
But  this  attempt  failed,  for  the  sensitiveness  to  light  of  selenium 
is  too  little  constant  for  this.  On  the  other  hand,  the  selenium 
served  as  an  excellent  means  of  verifying  the  equality  of  two  light- 
effects,  or  of  causing  it,  and  thus  of  making  the  comparison  of  light 
independent  of  the  eye  of  the  observer.  Such  a  selenium  photo- 
meter is  now  before  the  meeting  (Fig.  164).  The  selenium  plate 
sensitive  to  light  is  fixed  at  the  bottom  of  an  open  tube,  which 
can  be  turned  to  the  sources  of  light  to  be  compared.  An  electric 
current  is  transmitted  from  a  small  galvanic  battery  through  the 
selenium  and  through  a  sensitive  galvanometer,  which  deflects  the 
needle. 

When  the  tube  is  opened  and  directed  to  a  light  the 
deflection  of  the  galvanometer  is  increased.    When  the  tube  is 
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closed  the  deflection  retuma  slowly  to  the  old  point.  The  tube  is 
now  turned  to  the  source  of  light  to  he  meaanred  and  kept  there 
until  the  deflection  sttaias  a  maiimnm,  and  is  then  directed  again 
to  the  standard  candle.,  which  is  pnshed  along  the  scale  of 
distances  ontil  the  previous  deflection  of  the  needle  is  reproduced. 
If  now  the  action  of  the  sources  of  light  is  alternated  a  few  times, 
and  the  distance  of  the  standard  candle  so  arranged  that  no  con- 
tinuons  difference  of  the  deflection  of  the  needle  occurs  any  longer 
with  eiUier  illumination,  the  intensities  of  the  lights  stand  in  the 

Fig.  184. 


tUTeree  proportion  to  the  square  of  the  distances  from  the  seleninm 
plate. 

The  exactness  of  this  method  of  measurement  can  be  increased 
to  any  desired  degree  by  increasing  the  selenium  preparation  and 
increasing  the  seusitiveness  of  the  galvanometer,  and  is  altogether 
independent  of  the  varying  capacities  of  the  eye  to  recognize 
differences  of  h'ght  which  interferes  in  all  known  photometers. 

The  seleninm  photometer  is  independent  to  a  great  extent  of 
the  colour  of  light.  Differently  coloured  lights  can  hardly  be 
compared  with  the  obdoI  photometer,  and  different  obeervers  will 
give  as  many  different  resnlts.  Bnt  the  seleninm  pht^meter  gives 
in  this  connection  always  a  definite  comparative  value. 

There  is  always  another  qnestion,  whether  this  valne  exactly 
corresponds  to  what  practical  photometry  ought  to  give ;  we  use 
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light  to  diBtinguish  objects  in  fonn  and  colour,  and  an  exact 
standard  photometer  should  give  this  light  value,  not  the  greater 
or  less  sense  of  brightness. 

Selenium  is,  however,  more  strongly  affected  by  red  light  than, 
for  instance,  by  blue.  But  whether  we  can  distinguish  better  or 
worse  with  blue  or  red  light,  when  such,  for  instance,  exert  an 
equal  influence  on  the  selenium  photometer,  is  yet  undecided,  and 
must  be  first  determined  by  experiments.  These  have  aheady 
commenced,  and  it  has  already  been  found  that  in  compari- 
sons of  the  white  electric  light  with  the  yellow  candle  light,  the 
selenium  photometer  gives  the  luminosity  of  electric  light  as  much 
less  than  other  photometric  methods. 

Therefore,  it  is  possible  that  with  the  comparison  of  different 
coloured  light  by  means  of  the  selenium  photometer,  its  value  is 
to  be  multiplied  by  a  coefficient,  which  has  to  be  determined  for 
the  different  colours  of  the  spectrum. 

Anyhow,  however,  the  selenium  photometer  gives  definite 
data  for  the  comparison  of  different  coloured  light,  and  this  forms 
the  most  important  advantage  of  the  selenium  photometer  above 
all  others. 

The  instrument  can,  therefore,  be  rightly  recommended  to  the 
attention  of  lighting  engineers. 


ON  TELEPHONY.* 


The  surprising  performances  of  the  electric  telephones  of  Bell 
and  Edison  rightly  claim  in  a  high  degree  the  interest  of  natural 
philosophers.  The  solution  of  the  problem  cf  conveying  sounds 
and  speech  to  distant  places  by  its  means  promises  to  give  man- 
kind a  new  means  of  intercourse  and  culture,  which  will  consider- 
ably influence  their  social  relations,  and  will  also  be  of  essential 
service  to  science.  It  therefore  appears  fit  for  the  Academy  also 
to  draw  into  the  circle  of  its  consideration  these  inventions  of  so 
much  promise. 

The  possibility  of  mechanically  reproducing  not  only  sounds 

*  Read  in  the  Berlin  Academy  of  Sciences,  2l8t  January,  1878. 
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but  also  tanes  and  speech  at  greafc  distances,  is  theoreticallj 
assored  by  HelmhoItz*8  pioneer  experiments,  which  laid  clear  the 
nature  of  timbre  and  inflection. 

If,  as  he  has  shown,  noises  and  sounds  can  only  be  distingnished 
from  pure  tones,  in  that  the  latter  consist  of  simple,  the  former  of 
multiple  superposed  wave  series  of  the  medium,  rendering  the 
sound  possible,  and  if  the  speech  inflections  are  to  be  considered 
as  irregular  vibrations,  with  which  vocal  sounds  begin  or  end,  the 
possibility  is  gained  of  reproducing  by  mechanical  means  a  certain 
sequence  of  such  vibrations  at  a  distance.  Practical  life  has  in 
this  as  frequently  anticipated  science.  The  so-called  speaking 
telegraph,  not  hitherto  sufficiently  considered,  consisting  of  two 
membranes,  which  were  stretched  by  a  strong  thread  or  wire,  at 
the  same  time  as  thin  or  fine  as  possible,  fixed  to  their  centres, 
effects  a  suiliciently  clear  conveyance  of  speech  at  a  distance  of 
some  hundreds  of  metres.  The  thread  can  be  supported  for  the 
purpose  at  as  many  places  as  desired  by  elastic  threads  of  a  few 
inches  in  length,  and  can  form  any  desired  angle  by  similar  elastic 
fixing  angles,  without  the  appai'atus  losing  its  capability  of  trans- 
mitting even  the  quite  toneless  whisper  with  perfect  clearness  and 
accuracy,  a  performance  which  hitherto  no  electric  telephone  has 
succeeded  in  effecting. 

Although  this  speech  telegraph,  or  more  correctly,  this  thread 
telephone,  has  no  practical  value,  because  its  action  is  confined  to 
short  distances,  and  is  interrupted  by  wind  and  rain,  yet  it  is  on 
this  account  very  remarkable,  as  it  shows  that  stretched  membranes 
are  fit  to  take  up  all  vibrations  of  air  with  which  they  are  struck 
in  an  almost  perfect  manner,  and  on  the  other  hand  to  give  out 
again  all  tones  of  voice  and  noise  when  they  are  set  in  similar 
vibrations  by  mechanical  means. 

Beiss,  as  is  known,  was  the  first  who  sought  to  effect  the  con- 
veyance of  sounds  by  an  electric  current  in  place  of  a  stretched 
thread.  He  utilized  the  vibrations  of  a  membrane  exposed  to  the 
sound  waves  to  bring  about  the  closing  of  contacts  of  a  galvanic 
battery.  The  current  waves  thus  set  up  traverse  at  the  other  end 
of  the  conductor  the  windings  of  an  electro-magnet  which,  pro- 
vided with  suitable  sounding  arrangements,  reproduced  very 
nearly  the  same  notes  by  which  the  membrane  struck  by  the  sound 
waves  was  set  in  vibration. 
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This  ooald  only  be  effected  in  a  veiy  imperfect  way,  for  the 
contact  arrangements  were  only  workable  with  wide  vibrations  of 
the  membrane,  and  could  only  give  these  back  again  imperfectly* 

Bell  appears  to  have  first  had  the  happy  thought  of  producing 
the  currents  serving  to  transfer  the  vibrations  by  the  vibrating 
membrane  itself,  since  he  made  it  of  soft  iron  and  placed  its  centre 
opposite  and  very  near  to  the  end  of  a  steel  magnet,  surrounded 
with  insulated  wires.  By  the  vibrations  of  the  membrane  the 
attraction  between  the  plate  and  magnet,  and  with  it  the  magnetic 
potential  of  the  wound  end  of  the  bar  magnet  was  alternately 
increased  and  diminished ;  currents  are  thus  set  up  in  the  sur- 
rounding wire  and  in  the  conductor,  which  owing  to  the  smallness 
of  the  vibrations  of  the  plate  produced  electrical  sine  vibrations 
corresponding  to  the  vibrations  of  the  mass  of  air,  which  were, 
therefore,  in  the  position  to  produce  in  a  similar  apparatus 
arranged  at  the  other  end  of  the  line  membrane  and  air  vibrations. 
It  remains  immaterial  in  this  case  that,  as  Du  Bois  Beymond  has 
shown  (Archive  for  Physiology,  1877,  pp.  573  and  582),  the  phases 
and  amplitude  ratios  of  the  partial  tones  in  the  receiving  membrane 
are  other  than  in  the  transmitting  membrane. 

Edison  discovered  an  essentially  different  way,  as  it  appear^ 
simultaneously  with  Bell.  He  uses  a  galvanic  battery  which  sends 
a  permanent  current  through  the  line. 

In  the  circuit  at  the  transmission  end  a  layer  of  powdered 
graphite  is  inserted,  which  is  gently  pressed  between  two  metal 
plates  insulated  from  one  another.  The  upper  plate  is  fixed  to  the 
vibrating  membrane  and  presses  the  powdered  graphite  more  or 
less  together,  corresponding  to  the  vibrations  of  the  air.  In  this 
way  the  resistance  of  the  graphite  powder  is  correspondingly 
altered,  and  thus  there  are  again  brought  about  sinusoidal  altera- 
tions of  the  strength  of  the  current  traversing  the  conductor 
equivalent  to  the  vibrations  of  the  air.  As  receiving  apparatus 
Edison  used  no  membrane,  but  another  quite  peculiar  arrangement. 
It  depends  on  the  experience,  that  the  Ariction  which  exists 
between  a  piece  of  metal  and  a  paper  band,  soaked  with  a  con- 
ducting fluid  and  pressed  against  the  piece  of  metal,  is  diminiBhed 
when  a  current  passes  through  the  paper  to  this  piece  of  metal. 
I  have  found  this  remarkable  phenomenon  confirmed  for  the  case, 
when  the  current  is  so  directed,  that  hydrogen  is  evolved  from  the 
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metal  plate,  or  when  the  piece  of  metal  consists  of  a  non-oxidiz- 
able  metal.  The  redaction  of  the  friction  coefficient  by  the 
current,  therefore,  evidently  proceeds  from  electrolytically  pro- 
duced gases,  which  are  evolved  at  the  metal  plate. 

But  in  this  case  the  almost,  so  to  speak,  momentary  speed  with 
which  the  action  takes  place  even  with  very  weak  currents  remains 
wonderful. 

Edison  fixed  the  metal  plate  pressed  against  the  damp  paper 
t)n  a  sounding  board,  and  drew  the  damp  paper  led  over  a 
roller  by  continuous  revolution  of  this  roller  under  the  piece  of 
metal.  If  the  piece  of  metal  and  the  metallic  roller  are 
inserted  in  the  circuit,  the  current  alterations  which  are  brought 
about  by  the  more  or  less  compressed  graphite  powder  effect 
equivalent  alterations  of  the  coefficient  of  friction  between  the 
piece  of  metal  fixed  to  the  sounding  board  and  the  paper,  whereby 
each  is  thrown  into  corresponding  vibration,  which  communicate 
themselves  to  the  sounding  board  and  through  this  to  the  air. 

The  Edison  telephone  is  very  remarkable  for  the  novelty  of  the 
means  employed  in  it,  but  is  evidently  not  yet  worked  out  for 
practical  useMness.  The  Bell  telephone,  on  the  other  hand,  has 
in  its  remarkably  simple  form  found  a  great  extension,  especially 
in  Germany,  and  there  is  already  a  considerable  mass  of  expe- 
rience to  judge  of  its  usefulness.  It  chiefly  fails  in  the  great 
weakness  of  the  reproduced  sounds  which  for  clear  understand- 
ing necessitates  pressing  the  sounding  opening  close  to  the 
ear,  and  on  the  other  hand  that  the  same  shall  be  directly 
spoken  into.  For  this  purpose  a  quiet  surrounding  is  necessary, 
so  that  the  ear  shall  not  be  blunted  and  disturbed  by  outside 
noises.  A  yet  more  important  obstacle  to  its  practical  appli- 
cation is,  however,  the  necessity  for  perfect  electric  rest.  As 
extremely  weak  currents  are  brought  about  by  the  vibrating  iron 
membrane  of  the  other  instrument  in  similar  vibration,  very 
weak  foreign  currents  are  sufficient  to  disturb  the  latter,  and 
impart  to  the  ear  complicating  noises  from  other  sources. 

In  order  to  supply  myself  with  a  starting  point  for  estimating 
the  strength  of  the  currents  which  are  active  in  the  telephone,  I 
set  up  a  BelFs  telephone,  the  magnet  poles  of  which  were  wound 
with  800  windings  of  0*10  mm.  thick  copper  wire  of  110  mercury 
units  resistance,  in  a  circuit,  which  included  a  Daniell  ceU  with  a 
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commutator,  by  which  the  direction  of  the  current  was  reyersed 
200  times  a  second. 

Without  an  inserted  resistance  these  current  impulses  produced 
in  the  telephone  a  noise  audible  at  some  distance,  highly  inhar- 
monious, and  hardly  to  be  borne  close  to  the  ear.  By  the  insertion 
of  resistance  the  noise  diminishes,  but  even  with  the  insertion  of 
200,000  units  was  still  very  clearly  audible.  Even  simple  openings 
and  closings  of  the  battery  were  still  clearly  audible  as  a  slight 
sound  through  the  resistance.  If  six  Daniells  were  joined  up  the 
noise  could  still  be  clearly  heard  through  10  million  units.  If  12 
Daniells  and  20  million  units  were  inserted,  the  noise  was  decidedly 
clearer  than  in  the  previous  case.  In  the  same  way,  there  was  an 
increase  in  its  strength,  if  30  and  50  million  units  were  inserted 
with  18  and  80  Daniells  respectively.  This  is  a  confirmation  of 
the  observation  of  Beetz,  that  electro-magnetism  is  called  forth 
with  similar  strength  of  cun*eut  more  quickly  in  circuits  of  great 
resistance  with  correspondingly  greater  electro-motive  force  than 
in  circuits  with  less  resistance  and  correspondingly  less  electro- 
motive force,  for  the  opposing  currents  arising  in  the  windings  are 
of  greater  importance  in  the  latter  than  in  the  former  case. 

If  the  primary  coils  of  a  small  Yolta  inductor,  such  as  are 
generally  used  by  physicians,  are  inserted  in  the  circuit  of  the 
commutator,  whilst  telephone  and  resistance  box  are  placed  in  the 
circuit  of  the  secondary  wire,  a  loud  sounding  noise  is  still  heard 
with  one  Daniell  with  the  insertion  of  50  million  mercury  units, 
which  continued  clearly  audible  when  the  secondary  spirals  were 
placed  quite  at  the  end  of  the  primary. 

This  great  sensitiveness  of  the  BeU  telephone  for  weak  currents 
makes  it  very  applicable  as  a  galvanoscope,  especially  for  indicating 
weak,  quickly  altering  currents,  for  which  formerly  there  was 
hardly  any  other  means  of  test  than  the  convulsions  of  a  irog^s 
legs. 

The  telephone  can  also  often  be  used  with  advantage  instead 
of  the  galvanometer  for  the  measurements  of  resistance,  by  means 
of  the  bridge  method  in  the  branch  wire  of  the  bridge.  But  in 
this  case  it  is  necessary  to  employ  as  resistances  only  straight 
wires  extended  at  a  great  distance  from  each  other,  as  otherwise 
disturbances  would  arise  through  induction. 

The  great  sensitiveness  of  the  telephone  to  electric  disturbances 
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in  lines  is  thus  fully  explained,  whioh  consequently  almost  entirely 
prevents  its  use  on  overhead  wires  employed  for  telegraph  corre- 
spondence. Even  if  two  neighbouring  conductors  on  the  same 
pole  are  employed  to  form  the  circuit,  whereby  the  electrodynamic 
as  well  as  electrostatic  induction  arising  from  the  other  distant 
wires  is  almost  compensated,  one  still  hears  in  the  telephone  every 
current  passing  through  one  of  these  wires  as  a  loud,  cracking 
noise,  which  when  frequently  repeated  makes  the  telephonic  message 
quite  incomprehensible. 

The  disturbances  are  even  worse  when  the  earth  is  used  to  com- 
plete the  circuit. 

Even  when  special  earth  plates  are  used  for  the  telephone  wire, 
or  gas  or  water-pipes  are  used  for  the  purpose,  every  current  is 
clearly  heard,  which  is  led  through  neighbouring  earth  plates  to 
the  earth.  As  the  electric  potential  with  the  propagation  of  a 
current  in  the  earth  diminishes  as  the  cube  of  the  distance  from 
the  leading  in  point,  this  also  demonstrates  the  exceeding  sensi- 
tiveness of  the  telephone  for  weak  currents. 

With  overhead  wires  telephones  can  only  be  used  on  this  account 
when  special  posts  are  used  for  the  telephone  lines. 

Further,  the  earth  connection  can  only  be  used  in  places  which 
have  no  telegraph  stations,  or  where  the  earth  plates  used  for 
telegraphing  are  far  removed  from  those  which  are  used  for  the 
telephone  lines. 

Notwithstanding  this  great  sensitiveness  of  the  Bell  telephone, 
it  still  transmits  the  sound  waves  by  which  its  membrane  is  hit 
only  very  incompletely  to  the  corresponding  membrane,  and  to  the 
ear  approached  to  it.  When  a  loud  ticking  watch  was  approached 
to  the  sound  opening  of  a  very  sensitive  telephone  constructed 
according  to  BelFs  design,  its  loud  tick  could  not  be  heard  in  the 
other  telephone,  even  when  the  watch  was  quite  close  to  the 
telephone  casing.  The  above-mentioned  thread  telephone,  on  the 
contrary,  transmitted  the  tick  very  clearly  through  a  thread  about 
20  metres  long.  It  was  still  audible  when  the  watch  was  removed 
8  cm.  from  the  mouth  of  the  cylindrical  hearing  tube.  The  tick 
was  directly  audible  with  almost  equal  clearness  through  a  distance 
of  130  cm. ;  the  thread  telephone  consequently  transmitted  about 
■^  of  the  strength  of  the  sound.  As  the  electric  telephone 
transmitted  the  slightest  speech  quite  perfectly,  it  cannot  transmit 
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the  toneless  ticking  noise,  although  it  is  loader  on  account  of  the 
qnick  and  irregnlar  vibrations  which  they  canse. 

From  the  same  cause,  the  real  quite  toneless  whisper  was  no 
longer  audible  through  the  electric  telephone,  whilst  still  quite 
audible  through  the  thread  telephone  at  a  distance  of  20  metres. 
In  the  same  way  electric  telephones,  which  transmit  the  slightest 
speech  quite  clearly,  cannot  transmit  at  all,  or  hardly  perceptibly, 
the  loud  but  toneless  noise  of  two  pieces  of  iron  or  glass. 

It  is  remarkable  that  the  electric  telephone,  notwithstanding  this 
slight  capacity  to  transmit  noises  arising  from  very  quick  and 
irregular  vibrations,  can  give  back  so  quickly  the  timbre  of  the  tone 
and  speech,  that  the  voice  of  the  speaker  can  be  recognised  as  well 
through  the  telephone  as  directly.  The  voice  sounds,  however, 
somewhat  more  ringingly,  which  is  to  be  ascribed  to  the  circum- 
stances, that  the  tones  are  better  and  more  powerfully  reproduced 
than  the  noise  of  speech.  Singing  also  is  given  •in  the  telephone 
as  a  rule  softer  and  richer  in  tone  than  directly. 

In  order  to  obtain  data  as  to  what  fraction  of  the  strength  of 
sound  which  hits  the  membrane  of  one  telephone  is  given  back 
by  the  other,  I  made  some  experiments  with  musical  boxes.  The 
smaller,  which  gave  short  sharp  tones,  was  audible  in  the  open  air 
on  an  unobstructed  plane  by  good  ears  at  a  distance  of  125  metres, 
whilst  with  the  telephone  only  individual  notes  were  clearly  heard 
when  the  telephone  was  removed  further  from  the  musical  box  than 
0*2  metre.  In  this  case  only  about  t^jtjtis  P^^  ^^  ^^^  sound  was 
actually  transmitted.  A  somewhat  larger  musical  box,  which  was 
pitched  somewhat  lower,  and  gave  notes  of  longer  duration,  could 
not  be  heard  in  the  open  much  further  than  the  small  musical  box, 
but  the  telephone  allowed  the  tune  that  was  played  to  be  recog- 
nized at  a  distance  of  1*2  metre.  This  gives  a  transmission  of 
9^^^  16606  ^^  ^^6  strength  of  sound  taken  up  by  the  telephone. 
If  therefore  speech,  as  well  as  deeper  and  more  drawn-out  notes, 
are  apparently  transmitted  better  than  the  tunes  of  musical  boxes, 
it  is  not  to  be  assumed  that  a  Bell-telephone  on  the  average 
transmits  to  the  other  telephone  more  than  i606o-  ^^  ^^^  v[^sjb&  of 
sound  by  which  it  is  struck. 

It  follows  from  the  above,  that  the  Bell-telephone,  notwith- 
standing Its  surprising  performances,  only  effects  the  transmission 
of  sound  in  a  very  imperfect  way. 
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That  we  understand  the  speech  of  the  telephone  energised  by 
such  nnusuallj  weak  currents,  is  due  to  the  extraordinary  sensi- 
tiveness and  the  wide  range  of  our  organs  of  hearing  which  make 
it  possible  to  still  hear  at  a  distance  of  50  kilometers,  the  same 
report  of  a  cannon  shot  which  they  can  tolerate  at  a  distance  of 
5  meters,  and  therefore  to  perceive  air  vibrations  as  sound  within 
the  100  millionth  of  their  strength. 

The  telephone  therefore  needs,  and  is  capable  of,  improvement 
in  the  highest  degree.  Even  if  it  is  not  possible  altogether  to 
obviate  the  loss  of  sound,  which  would  approximately  be  the  case 
if  it  could  be  brought  about,  that  the  vibrations  of  the  second 
membrane  had  the  same  amplitude  as  those  of  the  firsts— as  by  the 
repeated  transformations  of  motions  and  forces  a  loss  of  energy  must 
always  take  place  through  change  into  heat,  yet  the  existing  dis- 
proportion is  still  much  too  great.  With  the  reduction  of  this 
loss,  and  the  strengthening  of  the  arriving  sound  thereby  produced, 
the  ear  would  have  to  be  less  strained  and  could  yet  plainly 
perceive  and  distinguish  the  transmitted  sounds  at  a  greater 
distance  from  the  instrument.  The  disturbances  brought  about 
through  foreign  slight  electric  currents  would  be  covered  by  the 
voice  arriving  stronger. 

The  direction  is  hence  also  given  which  is  to  be  taken  for  the 
improvement  of  the  Bell-telephone. 

In  order  to  produce  stronger  currents  the  membrane  for  the 
reception  of  the  wave-vibrations  must  be  very  large  and  so  con- 
stituted that  the  sound  waves  striking  its  surface  can  transmit  the 
greatest  possible  portion  of  their  energy  to  it. 

The  membrane  must  hence  be  very  moveable,  in  order  that  its 
vibrations  may  not  be  too  small,  and  the  work  expended  for  bring- 
ing about  electric  currents  must  be  so  great  that  the  via  viva  col- 
lected in  the  vibrating  membrane  is  consumed  by  it,  or  in  other 
words  so  great  that  it  makes  the  membrane  vibrations  aperiodic. 
An  enlargement  of  the  Bell  iron  diaphragm  is  only  advantageous 
within  very  narrow  limits,  for  larger  and  correspondingly  thicker 
plates  easily  take  up  special  vibrations,  which  reduce  the  clearness 
of  the  sounds  transmitted.  Also  the  magnetic  attraction  of  the 
iron  plate  must  not  be  raised  too  high  in  the  Bell-telephone,  as  it 
is  already  too  much  bent  and  stretched  on  one  side,  which  equally 
prejudices  its  clearness. 
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I  have  now  sought  with  decided  saccess  to  strengthen  the  mag- 
netic attraction  between  the  iron  membrane  and  the  magnet  pole 
woand  round  with  wire,  without  bringing  the  former  out  of  its 
position  of  equilibrium  by  bringing  it  within  the  poles  of  a 
powerful  horse-shoe  magnet. 

The  pole  above  the  iron  plate  forms  a  ring,  the  opening  of  which 
forms  the  tolerably  large  sound  hole,  whilst  the  lower  pole  of  the 
horse-shoe  opposite  to  the  middle  of  the  sound  opening  carries  the 
iron  pin  provided  with  the  coil  of  wire.  The  membrane  itself 
was  only  formed  of  iron  in  the  centre,  so  far  as  it  was  opposite  to 
the  ring-shaped  pole,  whilst  the  remainder  was  formed  of  sheet 
brass,  to  which  the  iron  was  soldered.  Through  the  action  of  the 
magnetic  iron  ring  the  middle  of  the  iron  plate  was  now  power- 
fully magnetized  ;  a  very  powerful  attraction,  therefore,  took  place 
between  it  and  the  opposite  magnetic  iron  pin,  whilst  the  iron 
plate,  attracted  equally  powerfully  on  both  sides,  continued  in  a 
state  of  equilibrium  with  the  whole  membrane,  and  could  there- 
fore swing  freely  towards  both  sides. 

Another  modification  consisted  in  that  I  made  both  magnetic 
poles  ring-shaped,  and  fitted  them  with  short  slit  iron  tubes, 
provided  with  windings.  Two  similar  ring-shaped  magnet  poles 
stood  directly  opposite  to  the  iron  plate,  whilst  this  itself  had 
the  opposite  polarity.  This  is  the  same  combination  which 
I  frequently  use  in  the  so-called  polarized  relay  with  good 
result,  in  which  the  moveable,  strongly  magnetic  iron  tongue 
is  between  two  oppositely  magnetized  magnet  poles,  removed 
equally  far  from  it,  the  limbs  of  which  are  provided  with 
windings. 

This  arrangement  has  also  served  for  telephonic  call  appa- 
ratus. If  one  point  of  the  rim  of  a  steel  bell,  which  is  itself 
fixed  to  one  pole  of  a  horse-shoe  magnet,  is  between  two  iron  pins 
provided  with  windings,  which  form  the  other  pole  of  the  horse- 
shoe magnet,  a  second  bell  similarly  disposed  and  arranged  com- 
municates each  bell  stroke  to  the  other  with  surprising  strength 
when  the  windings  of  both  are  arranged  in  a  circuit.  The  same 
occurs  with  similarly  pitched  tuning  forks. 

Instead  of  two  similarly  disposed  bells  or  tuning  forks  it  is 
sufficient,  when  it  is  only  a  question  of  the  transmission  of  the 
bell  sound  as  an  alarm  signal,  to  place  only  one  bell  or  tuning  fork 
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in  the  telephone  circait.    The  telephones  then  give  out  lond 
sounding  bell  strokes. 

Although  in  this  way  also  the  efficiency  of  the  telephone  can  be 
considerably  increased,  still  by  retaining  the  Bell  iron  membrane 
one  is  kept  within  tolerably  narrow  limits,  as  well  on  accoont  of 
the  size  of  the  membrane  receiving  the  sound  as  of  the  strength 
of  the  actual  magnetism,  the  overstepping  of  which  makes  speech 
indistinct,  and  gives  it  a  foreign,  unpleasant  overtone. 

For  the  construction  of  telephones  supplying  much  more  power- 
ful currents,  I  therefore  use  no  vibrating  iron  plate,  but  fix  to  the 
membrane  receiving  the  sound  waves,  which  is  formed  of  non- 
magnetic material,  a  light  coil  of  wire,  which  swings  freely  in  a 
ring-shaped  magnetic  field.  By  the  vibrations  of  the  coil  of  wire 
there  are  induced  in  it  powerful  currents  of  alternate  direction, 
which  at  the  other  end  of  the  conductor  set  in  similar  vibrations 
either  the  coil  of  wire  of  a  similar  instrument  or  the  iron  mem- 
brane of  a  Bell-telephone. 

As  a  fiat  membrane  cannot  be  increased  beyond  a  somewhat 
narrow  limit  without  complicating  the  sounds  transmitted,  I  have, 
by  the  advice  of  Helmholtz,  given  the  membrane  the  form  of  the 
^m  of  the  ear. 

According  to  Helmholtz,  one  obtains  this  form  if  one  stretches 
a  damp  skin  of  parcbjnent  or  bladder  over  the  rim  of  a  ring,  and 
then  gradually  presses  down  its  centre  by  means  of  a  screw  or 
otherwise  to  the  desired  depth.  In  the  dry  state  the  membrane 
then  retains  this  form.  If  now  a  metal  model  is  formed  from  this 
membrane,  metallic  membranes  can  be  made  by  its  means  out  of 
brass,  or  better  still  aluminium  plate,  which  have  exactly  the  same 
shape  as  the  first.  Membranes  so  formed  are  specially  suitable  for 
taking  up  sound  waves,  and  for  the  transmission  of  via  viva  to 
masses  to  be  set  in  vibration — a  purpose  which  they  have  also  to 
carry  out  in  the  ears — as  their  curvature  occurs  principally  in  the 
neighbourhood  of  the  edge  of  the  membrane,  whilst  in  flat  mem- 
branes this  takes  place  rather  close  to  the  centi^,  in  them  there- 
fore only  the  sound  vraves  striking  the  centre  of  the  plate  have 
full  action.  Such  a  telephone  with  a  parchment  membrane  of 
20cm.  diameter,  a  coil  of  wire  of  25mm.  diameter,  10mm.  height, 
and  5mm.  thickness,  arranged  in  a  powerful  magnetic  field  pro- 
duced by  a  strong  electro-magnet,  transmits  eveiy  sound  produced 
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in  a  room  of  large  size  from  every  part  with  perfect  clearness  to  a 
large  nomfoer  of  smaller  telephones.  What  is  remarkable  therein 
is  tiie  great  purity  and  clearness  with  which  the  telephone  trans- 
mits speech  and  notes.  This  is  partly  due  to  the  appropriate 
shape  of  the  membrane,  and  partly  to  the  fact  that  the  coil  in  its 
displacements  in  the  cylindrical  magnetic  field  produces  more 
regular  sinuoidal  currents  than  a  vibrating  iron  plate.  If  such  a 
coil  of  wire  is  moved  quickly  up  and  down  by  means  of  a  handle 
with  a  long  connecting  rod,  such  an  apparatus  can  be  made  use  of 
with  advantage  for  the  production  of  powerful  sine  currents. 

For  the  reproduction  of  speech  the  drum-shaped  membrane  is 
less  serviceable.  It  appears  also,  in  general,  more  judicious  to 
transmit  with  powerful  large  instruments  and  to  receive  with 
smaller,  more  delicate  and  lightly  constructed  ones,  whereby  the 
instrument  is  brought  to  the  ear  in  the  best  position. 

Too  powerfal  receiving  instruments  have  the  disadvantage  that 
the  opposing  currents  produced  by  the  vibrations  of  their  mem- 
branes weaken  the  moving  currents,  whereby  speech  becomes 
indistinct  and  takes  up  foreign  sounds. 

It  is  in  general  hardly  to  be  assumed  that  telephones  will  be 
successfully  constructed  according  to  Bell's  principle,  according  to 
which  the  sound  waves  themselves  have  to  accomplish  the  work 
of  inducing  the  currents  necessary  for  their  transmission  in  such  a 
way  that  they  speak  a  speech  clearly  audible  at  great  distance  from 
the  telephone,  and  it  is  quite  impossible,  as  already  noticed,  to 
obtain  from  them  a  reproduction  of  the  mass  of  sound,  by  which 
its  membrane  is  struck,  which  is  undiminished  or  even  strengthened. 
This  possibility  is,  however,  not  excluded  when  a  galvanic  battery 
is  used  for  the  movement  of  the  membrane  of  the  receiving 
apparatus,  which  then  provides  the  work  to  be  used.  Iteis  has 
sought  to  effect  this  by  the  aid  of  contacts,  Edison  with  the  help 
of  graphite  powder,  which  he  inserted  in  the  circuit  of  the 
battery. 

Gontaots  will  hardly  act  with  sufficient  constancy  and  certainty 
to  give  back  the  speech  clearly.  But  it  is  possible  that  the 
problem  will  be  solved  by  the  means  taken  by  Edison.  All  that  is 
required  is  to  find  out  a  material  or  arrangement  by  means  of 
which  considerable  alterations  of  the  resistance  of  the  circuit  are 
brought  about  proportional  to  the  amplitude  of  vibration  of  the 
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membrane.  Graphite  powder  has  too  changeable  a  form  and 
nature  to  be  able  to  perform  this  task  with  certainty.  Experi- 
ments with  other  contrivances  which  I  have  tried  have  so  far  given 
no  satisfactory  result.  Notwithstanding  this  Edison^s  precedence 
continues  very  worthy  of  notice,  for  it  probably  forms  the  key  to 
future  important  developments  of  telephony. 

But  although  telephonic  instruments  may  be  susceptible  of 
further  improvement  within  wide  limits,  the  conductors  will  always 
limit  the  range  of  application  somewhat  narrowly.  And  even  if, 
as  has  already  been  shown  to  be  necessary,  special  poles  are  em- 
ployed for  telephonic  lines  on  which  there  are  no  telegraph  wires, 
and  double  lines  are  everywhere  used  for  the  telephone,  telephonic 
correspondence  over  numerous  conductors  fixed  on  the  same  poles 
would  be  disturbed  mutually  with  the  increasing  length  of  the  lines, 
by  branch  currents  passing  on  to  the  neighbouring  circuits  owing 
to  imperfect  insulation,  by  electrodynamic  and  electrostatic  in- 
duction producing  secondary  currents  in  them,  which  again  pro- 
duce complicated  noises.  Electrodynamic  induction  may,  as  a 
rule,  be  neglected  with  telegraphic  lines,  as  it  does  not  increase 
with  the  length  of  the  lines  if  the  resistance  of  the  coils  of  wires  is 
left  out  of  account,  and  the  duration  of  the  induced  electrodynamic 
currents  is  too  short  to  be  able  to  influence  telegraphic  instru- 
ments. With  telephonic  apparatus  the  short  currents  produced  by 
Volta  induction  produce,  however,  very  perceptible  sounds,  when 
the  lines  run  near  each  other  even  on  short  tracts. 

Secondary  electrostatic  induction,  which  increases  with  the 
square  of  the  length  of  the  line,  will  further  place  a  limit  to  the 
applicability  of  telephones,  in  the  case  of  overhead  conductors, 
even  when  telephonic  conductors  alone  are  fixed  to  the  same  poles. 

Circumstances  are  much  more  favourable  in  this  connection 
when  underground  or  submarine  lines  are  used.  Before  I  had 
recognized  that  the  strength  of  the  cuiTents  is  so  extraordinarily 
small  which  are  able  to  excite  the  telephone  to  produce  clearly 
understood  speech  I  doubted  the  applicability  of  underground 
lines  to  great  distances  on  account  of  the  great  weakening  which 
the  current  waves  called  forth  through  quickly  increasing  electro- 
motive forces  in  the  conductors  sustain  with  the  length  of  the 
line. 

The  experiments  which  the  Postmaster-General,  Dr.  Stephaa 
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(to  whom  the  German  Empire  is  indebted  for  the  re-introduction 
of  underground  condnctors,  which  have  almost  been  forgotten  for 
the  last  quarter  of  a  century)  has  instituted  with  the  Bell-tele- 
phone^ gave  the  surprising  result  that  one  can  speak  with  it  at 
distances  of  about  60  kilometres  quite  clearly  and  comprehensibly. 
It  is,  therefore,  very  probable  that  with  telephones  of  increased 
action  messages  will  be  well  understood  at  double  or  even  treble 
that  distance.  This  may  at  present  be  regarded  as  the  limit 
within  which  telephonic  correspondence  is  practically  applicable. 

Unfortunately  even  with  underground  conductors  disturbances 
through  return  currents  in  the  earth  as  well  as  through  electro- 
dynamic  and  electrostatic  induction  are  not  excluded.  The  former 
may  be  almost  completely  got  over,  as  in  the  case  of  overhead 
lines,  by  the  use  of  complete  metallic  circuits,  with  the  earth  cut 
out  as  return  circuit.  The  same  is  of  good  effect  in  the  case  also 
of  disturbances  through  induction,  when  both  insulated  conductors 
forming  a  telephone  circuit  are  united  in  a  special  cable  wrapped 
round  with  iron  wires.  When,  on  the  contrary,  as  is  usually  the 
case  to  save  cost,  a  great  number  of  insulated  conductors  are 
united  in  one  cable,  Yolta  and  static  induction,  on  account  of  the 
small  distance,  occurs  in  increased  measure,  and  acts  very  dis- 
turbingly on  the  telephone  correspondence.  This  secondary 
electrostatic  induction  occurs  also  with  long  cable  lines  for  tele- 
graphic correspondence  in  which  very  delicate  apparatus  has  t<o 
be  used. 

I  have,  therefore,  proposed  for  their  removal  to  provide  the 
single  conductors  made  up  into  a  multiple  cored  cable  with  a  con- 
ducting  metallic  sheath,  which  is  in  conductive  connection  with 
the  earth,  or  with  the  iron  armouring  ;  even  a  wrapping  round  of 
the  single  insulated  conductors  with  a  thin  layer  of  tinfoil  removes 
the  secondary  electrostatic  induction.  One  can  easily  be  convinced 
of  this  by  the  experiment  of  laying  two  pieces  of  mica  or  gutta- 
percha, covered  on  both  sides  with  tinfoil,  upon  one  another.  Tf 
the  inner  coatings  are  insulated  and  the  charge  between  the  outer 
coating  is  tested  by  the  deflection  of  a  galvanometer,  by  connect* 
ing  the  one  pole  of  a  battery  the  other  pole  of  which  is  earthed 
with  the  one  outer  coating,  and  connecting  the  second  through  the 
galvanometer  wire  with  the  earth,  or  in  a  similar  way  with  the 
help  of  a  commutator,  as  great  a  charge  is  obtained  aa  if  the 
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middle  coatings  were  wanting.  If  the  latter  are,  however,  con- 
nected with  the  earth,  there  is  not  the  slightest  sign  of  a  secondary 
charge  obtained  in  the  tinfoil  covering  connected  with  the  gal- 
vanometer. 

The  same  negative  result  is  obtained  if  a  cable  consisting  of 
several  conductors  is  surrounded  through  its  whole  length  with 
tinfoil  or  thin  strips  of  any  other  metal.  The  metallic  conduct- 
ing surface,  however  thin,  completely  prevents  any  secondary 
electrostatic  induction  or  charge  of  one  conductor  through  the 
charge  of  another.  On  the  other  hand,  the  electrodynamic  in- 
duction of  the  wires  on  each  other  is  not  thereby  arrested,  as 
Foucault  asserted.^ 

One  can  easily  be  convinced  of  this  by  means  of  a  simple  ex- 
periment. If  two  wires,  insulated  with  guttapercha  or  indiarubber, 
are  wound  together  on  a  bobbin,  powerful  charging  as  well  as 
Yolta  induction  currents  are  to  be  observed  in  one  wire,  if  a  gal- 
vanic battery  is  alternately  opened  and  closed  through  the  other. 
If  the  bobbin  is  now  plac^  in  a  vessel  which  is  filled  by  degrees 
with  water,  the  charging  currents  diminish  in  the  first  wire  and 
quite  cease  when  the  water  has  quite  filled  the  intermediate  space 
between  the  wires,  by  means  of  which  the  electrodynamic  induced 
currents  become  somewhat  larger. 

These  electrodynamic  induced  currents  are  not  of  importance 
for  telegraph  lines,  as  already  noticed,  because  they  do  not  increase 
with  the  length  of  the  conductor ;  the  exceedingly  sensitive  tele- 
phone is,  nevertheless,  excited  by  them  when  the  inducing  currents 
are  not  exceedingly  weak.  Special  cables  must,  therefore,  also  be 
laid  for  telephones,  as  they  also  require  special  poles  for  overhead 
wires. 

As  follows  from  the  above,  the  telephone  is  capable  of  great 
improvement  Telephones  will  certainly  be  set  up  in  a  short  time 
which  will  transmit  to  considerable  distances  speech  as  well  as 
musical  notes  decidedly  louder,  clearer,  and  purer  than  up  till  now 
is  possible  with  the  Bell-telephone. 

The  telephone  will  then  be  of  great  service  for  the  business  in 

*  Foucault  took  out  a  patent  in  England  on  the  2n(l  July,  1860,  for  the 
sarrounding  of  single  conductors  with  the  foil  or  other  conducting  bodies, 
with  the  declared  object  of  compensating  the  electrodynamic  induction  through 
the  opposed  currents  arising  in  the  tin  covering. 
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towns  and  between  neighbouring  places,  which  far  surpass  what 
may  be  expected  of  the  telegraphs  for  short  distances.  The  tele- 
phone is  an  electric  speaking  tube,  which  like  this  can  be  used  by 
anyone,  and  can  completely  supplant  personal  interviews.  But  as  it 
cannot  replace  the  speaking  tube  for  very  short  distances,  as  little 
can  it  replace  the  telegraph  for  long  ones.  Yet  in  the  limited 
circle  of  its  applicability  it  will  be  numbered  amongst  the  most 
powerful  levers  of  modem  culture,  if  external  obstacles  are  not 
raised  to  its  extension  and  application. 


ON   THE   ELECTRIC   RAILWAY  OF   THE   BERLIN 

INDUSTRIAL   EXHIBITION.* 

Gentlemen, — If  you  wish  it  I  am  all  the  more  ready  to  speak 
about  the  electric  railway,  as  I  have  heard  that  its  construction  is 
frequently  incorrectly  understood.  This  railway  is  nothing  else 
than  an  example  of  the  transmission  of  power,  as  shown  in  another 
part  of  the  exhibition,  where  a  dynamo-electric  machine  drives 
another,  which  for  its  part  sets  a  loom  in  action  the  great  shuttles 
of  which  work  very  well.  In  this  case  a  regulator  is  applied 
which  works  very  accurately.  The  same  principle  of  the  transmis- 
sion  of  power  by  dynamo-electric  machines  is  now  to  be  applied 
on  the  railway  for  the  motion  of  carriages.  The  first  inducement 
to  the  arrangement  was  due  to  a  question  of  the  architect  West- 
phal  of  Cottbus  as  to  the  possibility  of  transmitting  the  energy  of 
coal  burnt  there  to  Berlin.  The  person  referred  to  had  read  a 
remark  of  my  brother  William  in  London  on  the  possibility  of 
transmitting  the  power  of  the  Niagara  Falls,  and  wished  to  carry 
it  out  in  practice  here.  If  this  was  not  practicable,  yet  we  have 
approached  the  matter  more  closely  to  see  how  far  the  electrical 
transmission  of  power  can  be  used  for  transport  by  railways. 

The  experiment  we  made  has  turned  out  very  well.  The 
arrangement  as  you  find  it  in  the  exhibition  is  the  following  :  a 

*  (Address  to  the  Society  for  the  Extension  of  Industiy,  9th  June,  1879.) 

c  c  2 
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small,  narrow  gauge  railway  is  laid  down,  the  rails  of  which  form 
a  closed  curve.  There  is  a  third  rail  between  the  other  two,  a  bar 
of  iron  on  edge.  The  locomotive  carries  two  rollers,  by  means  of 
which  it  is  in  connection  with  the  latter — ^whether  rollers  or 
brashes  are  better  is  yet  to  be  proved.  A  dynamo-electric 
machine  stands  in  the  machine-room,  and  a  similar  one  forms  the 
locomotive.  The  machine  in  the  machine-room  is  driven  by  means 
of  a  steam-engine.  One  of  its  terminals  is  in  connection  with  the 
middle  rail,  whilst  the  other  is  connected  with  the  outer  rails.  In 
consequence  of  this  there  is  an  electric  difference  between  the 
middle  and  outer  rails,  and  the  dynamo-electric  machine  of  the 
locomotive,  which  now  acts  as  an  electro-magnetic  working 
machine,  carries,  by  means  of  its  surrounding  wires,  the  electric 
current  from  the  inner  to  the  outer  rail,  the  wheels  of  the  loco- 
motive making  contact  with  the  outer  rails.  Wherever,  therefore, 
the  machine  is  on  the  rails  it  is  traversed  by  the  current  of  the 
dynamo-electric  machine  in  the  machine-room,  and  therefore  con- 
tinues its  progress  until  the  current  is  stopped.  We  must  here 
keep  in  mind  that  these  are  dynamo-electric  machines  which  form 
their  own  magnets.  I  chose  this  name  when  I  fii*st  communicated 
the  principle  of  the  dynamo-electric  machine  to  the  Berlin 
Academy  of  Sciences  in  the  year  1867,  in  analogy  with  the  usual 
designations  *' electro-magnetic  ^'  and  "magneto-electric'*  machines, 
the  former  of  which  generate  magnetism  from  the  existing  current, 
the  latter  current  from  existing  magnetism,  whereas  in  dynamo- 
electric  machines  mechanical  energy  is  converted  directly  into 
currents.  The  small  remanent  magnetism,  which  always  remains 
behind  in  the  iron  of  electro-magnets,  is  sufficient  in  these  machines 
to  produce  a  very  weak  current  in  the  moving  part  of  the  machine ; 
this  strengthens  the  magnetism  of  the  fixed  magnets,  whereby 
again  a  stronger  current  is  produced,  and  in  this  way  the  mag- 
netism increases  automatically  through  the  energy  expended  until 
the  currents  become  as  strong  as  the  wires  carrying  them  can  stand 
without  becoming  overheated.  Now,  if  in  such  an  active  dynamo- 
electric  circuit  the  conductor  is  anywhere  broken,  the  electric  cur- 
rent ceases,  and  at  the  same  time  the  magnetism  of  the  primary 
machine.  To  this  circumstance  it  is  due  that  faulty  insulation  of 
the  rails  is  not  very  injurious.  If  the  locomotive  is  running,  its 
conducting  wires  form  a  much  better  conductor  than  the  damp 
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earth,  and  if  the  condactor  is  broken  this  shunt  current  is  not 
sufficient  to  maintain  the  dynamo-electric  action  at  work,  the  mag- 
netism, therefore,  disappears,  and  concurrently  the  shunt  current. 
The  transmission  of  power,  and  also  the  velocity^  can  be  increased 
within  wide  limits.  The  whole  thing  is,  however,  still  too  new 
for  it  to  be  possible  to  give  absolute  data  as  to  what  may  be 
attained  in  practice. 

We  have  obtained  80,  40,  and  60  per  cent,  transmission  of 
power,  but  can  only  give  definite  figures  after  longer  practice. 
How  far  the  loss  of  energy  can  be  reduced  with  electric  transmission 
cannot  be  estimated.  Provisionally  one  must  be  satisfied  with  the 
production  of  30  or  40  per  cent,  of  effective  work.  The  electric 
transmission  of  power  has  a  great  advantage  in  that  it  automati- 
cally solves  a  hitherto  unsolved  mechanical  problem.  This  is  the 
construction  which  results  in  machines  being  able  to  work  with  full 
power,  as  well  when  moving  slowly  as  quickly.  Had  this  problem 
been  practically  solved  purely  mechanically  we  should  have  been 
further  advanced  in  the  construction  of  street  locomotives.  With 
dynamo-electric  transmission  of  power  it  is  otherwise.  If  the 
power  supplying  or  secondary  machine  has  to  do  much  work,  and 
consequently  runs  slowly,  the  opposing  currents  produced  by  it  are 
correspondingly  weak,  and  in  the  same  measure  the  current 
through  the  conductor  increases.  In  this  way  the  electro-mag- 
netism and  the  tractive  power  of  the  machine  dependent  on  it  is 
increased.  The  dynamo-electric  locomotive  has  further  the  advan- 
tage, that  it  also  has  in  itself  the  power  of  acting  as  a  brake,  as  it 
takes  the  part  of  a  primary  or  current  generating  machine,  when 
it  turns  more  quickly  than  this  latter,  and  consequently  tends  to 
turn  thi8,  and  with  it  the  driving  steam-engine  in  the  opposite 
direction. 

I  imagine  soon  many  cases  will  occur  where  electric  transmis- 
sion, as  well  as  electric  locomotives,  can  be  applied  with  advantage. 
The  machine  at  the  exhibitions  was  not  originally  made  to  move 
the  three  elegant  carriages  with  eighteen  to  twenty-four  persons 
in  one  to  two  minutes  over  the  circular  railway  about  thirty 
metres  long,  but  to  raise  coal  from  the  coal  mines  of  Mr.  Westphal. 
One  must,  therefore,  consider  with  indulgence  its  performances,  as 
an  express  locomotive  for  the  public  at  the  exhibition. 

The  question  of  what  extension  it  is  possible  to  give  to  the 
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application  of  the  dynamo-electric  machine  is  so  far  difficult  to 
solve.  It  depends  in  the  first  place  on  the  resistance  of  the  rails, 
and  secondly  on  the  possibility  of  sufficiently  insulating  them. 
The  first  requisite,  a  smaller  resistance  of  the  rails,  is  partly 
obtained  with  longer  lines,  by  setting  up  extra  primary  dynamo 
machines  in  different  places,  which  maintain  the  electric 
difference  of  potential  between  the  inner  and  outer  rails.  The 
second  can  hardly  be  arranged  for  long  lines  otherwise  than  by 
the  construction  of  elevated  railways.  In  the  first  ardour  of  inven- 
tion after  the  discovery  of  the  dynamo-electric  principle,  and  the 
possibility  thereby  given,  to  produce  sufficiently  strong  currents 
cheaply,  I  already  dreamed  of  a  net  of  elevated  electric  railway 
lines  over  the  streets  of  Berlin,  whose  low-water  level  unfortunately 
admitted  of  no  underground  railway  system,  and  gave  expression 
to  the  same  in  a  communication  in  this  place.  But  a  long  line  of 
technical  advance,  up  to  the  present  point,  had  first  to  be 
traversed,  and  a  great  deal  more  water  will  flow  through  the  Spree» 
before  my  dream  can  be  carried  out,  even  to  a  small  degree. 


THE    ELECTRIC    LIGHTING    OF  THE    IMPERIAL 

GALLERY.* 

The  telegraph  works  of  Siemens  &  Halske,  of  this  place, 
whose  rich  exhibition  of  new  and  important  inventions  forms  an 
ornament  of  the  Berlin  Industrial  Exhibition,  has  been,  as  is 
known,  the  pioneer  also  in  electric  lighting  methods.  Already 
long  ago  electric  light  has  been  produced  from  galvanic  batteries, 
and  the  Alliance  Company  in  Paris  early  succeeded  in  producing 
electric  light  by  machines  and  in  supplying  lighthouses  with  the 
same  light  produced  from  mechanical  energy,  yet  these  methods 
for  the  advancement  of  the  electric  light  were,  on  account  of  their 
costliness,  unsuited  to  give  the  electric  light  greater  consequence 
and  extensive  application.  A  great  advance  in  the  progress  of 
electric  lighting  was  made  in  the  year  1866  by  the  Englishman 


*  »' National  Zeitung,"  Jane,  1879.' 
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Wilde.  He  made  use  of  the  magneto-electric  machine  improved 
by  Siemens  &  Hakke,  by  the  introduction  of  the  ^*  cylinder  *' 
magnet  (Siemens*  armature),  to  magnetize  large  electro-magnets, 
which  in  a  second  machine  constructed  in  the  same  way  took  the 
place  of  steel  magnets.  As  electro-magnets  are  much  stronger 
than  steel  magnets,  and  do  not  lose  their  magnetism  as  the  latter 
do,  he  succeeded  by  means  of  this  combination  in  producing 
electric  currents  of  a  strength  hitherto  unknown. 

But  the  unreliable  steel  magnets  always  remained  as  the  real 
generator  of  the  electric  current,  and  a  safe  basis  for  its 
mechanical  production  was  thus  still  wanting.  This  was  given 
by  the  discovery  by  Dr.  Werner  Siemens  of  the  principle  of  the 
dynamo-electric  machine.  This  principle,  first  published  at  the 
meeting  of  the  Berlin  Academy  of  Sciences  of  the  17th  January, 
1867,  consists  in  the  simultaneous  strengthening  of  the  magnetiz- 
ing current  and  that  produced  by  the  electro-magnets  in  the  same 
machine  through  the  energy  employed.  The  last  remnant  of 
magnetism  remaining  in  the  electro-magnet  was  sufficient  in  such 
dynamo-electric  machines  to  produce,  after  a  few  revolutions  of 
the  machine,  as  powei-ful  currents  in  the  surrounding  wires  of  the 
electro-magnets  as  these  could  take  up  without  getting  heated. 
In  this  way  it  became  possible  to  transform  energy  directly,  with- 
out the  interposition  of  weak  and  unreliable  steel  magnets,  into 
electric  current,  and  vice  versd  electric  current  into  work.  Quite 
a  new  line  was  thus  opened  to  technical  art  the  full  importance 
of  which  will  be  recognized  in  course  of  time.  The  applications 
of  the  dynamo-electric  machine  to  the  transmission  of  power  to 
copper  refining,  &c.,  as  they  may  be  seen  in  the  Berlin  Industrial 
Exhibition,  will  be  spoken  of  on  other  occasions.  Here  only  the 
further  extension  of  electric  lighting  methods  will  be  referred  to, 
the  *'  last  word  *'  of  which  lies  before  us  in  the  lighting  of  the 
Impenal  Gallery  by  Siemens  <&  Halske,  which  is  to-day  opened 
as  an  annexe  to  the  Berlin  Industrial  Exhibition.  Siemens  & 
Hakke's  machine,  and  that  of  Wilde,  founded  on  it  with  the 
Siemens  armature,  have  the  disadvantage  that  the  electro-magnets 
are  highly  heated  through  the  quick  alteration  of  the  magnetism, 
and  that  the  currents  produced  of  rapidly  alternating  direction 
must  be  first  changed  by  means  of  a  commutator  into  direct  or 
similarly  directed  cnnrents. 
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The  problem  of  prodacing  direct  currents  by  a  direct  method 
by  means  of  dynamo-electric  or  electro-dynamic  machines  has, 
it  appears,  been  solved  on  many  sides,  quite  independently. 
This  was  first  arrived  at  in  a  current-producing  machine  used  for 
telegraphic  purposes,  which  was  exhibited  by  Siemens  &  Halske 
in  the  Paris  Exhibition  of  1855,  and  later  in  the  Historical 
Exhibition  in  Vienna,  and  at  present  in  the  Post  Museum  of  this 
t(>\ni.  In  the  same  way  Professor  Pacinotti,  of  Florence,  in  the 
year  1868,  constructed  a  similar  magneto-electric  machine  which 
directly  produced  similar  directed  currents.  Somewhat  later 
Gramme  built  in  Paris  such  a  Pacinotti  machine  of  large  size,  in 
which  later,  afler  becoming  aware  of  the  dynamo-electric  principle, 
ho  replaced  the  steel  by  electro-magnets,  and  thus  produced  a 
machine  suitable  for  practical  lighting  work.  The  solution  of  the 
problem  was  worked  out  by  von  Hefner  Alteneck  in  a  more  perfect 
manner,  which  diffei'S  essentially  from  those  of  Pacinotti  an') 
Gramme  in  that  the  current  producing  part  of  the  machine  is  not 
an  iron  ring  wound  round  but  a  transverse  iron  cylinder  wound 
round,  by  which  means  its  effect  is  considerably  increased. 

By  means  of  these  dynamo-electric  machines  of  Pacinotti- 
Gramme,  and  von  Hefoer*s  construction,  the  problem  of  the 
production  of  current  by  means  of  power  was  solved  in  a  very 
perfect  manner,  and  lighting  arrangements  based  hereon  are  already 
very  much  extended.  The  difficulties  which  are  opposed  to  the 
introduction  of  electric  lighting  to  a  larger  extent  lie  in  the  fact 
that  each  machine  could  only  produce  one  light,  though  of  great 
power.  A  division  of  the  electric  light  into  several  smaller  ones 
was  not  practicable  with  the  regulators  or  lamps  hitherto  known, 
or  only  in  a  very  uncertain  manner.  Mr.  Jablochkoff,  of  Russia, 
nuule  the  first  actual  advance  in  this  direction  by  means  of  the 
electric  candle,  invented  by  him.  Of  these  candles,  which  consist 
of  two  parallel  pieces  of  thin  carbon,  placed  close  together,  with 
a  separating  piece  of  gypsum,  four  or  five  can  be  inserted  in  the 
same  circuit,  when  currents  of  alternating  direction  (alternate 
currents)  are  employed.  At  first  only  the  magneto-electric 
machines  of  the  Alliance  Company,  already  described,  could  be 
used  as  generating  machines,  but  tbe  use  of  both  Gramme  and 
Siemens  and  Halske^s  alternating  current  machines,  with  electro- 
magnets in  place  of  steel  magnets  and  dynamo-electric  current 
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prodactioDy  was  uoon  snccessf  ally  made,  by  means  of  which  electric 
lighting  with  Jablochkoff  candles  soon  found  an  important  appli- 
cation. 

Siemens  and  Halske^s  alternate  current  machine,  constructed 
on  a  new  principle,  patented  in  every  country,  by  Mr.  von  Hefner 
Alteneck,  the  chief  for  many  years  of  the  construction  department 
of  the  said  firm,  which  is  also  used  for  the  lighting  of  the  passage, 
is  superior  to  the  Gramme  by  using  less  power  and  getting  less 
heated,  and  competes  with  the  French  machine  with  success  in  all 
countries,  and  even  in  France. 

But  there  are  ako  essential  deficiencies  in  the  candles,  which 
impede  the  general  application  of  the  electric  light.  In  particular 
in  their  use  there  is  the  trouble  that  all  the  candles  in  the  same 
circuit  are  extinguished  if  one  goes  out,  or  if  the  velocity  of  the 
primemover  varies  only  slightly,  and  that  then  they  cannot  tight 
again  automatically.  Besides,  the  light  of  these  candles  is  not  so 
steady  as  is  necessary  for  lighting  work  and  reading  rooms. 

The  electric  lighting  of  the  Imperial  Gallery  opened  to-day  now 
supplies  the  public  for  the  first  time  with  a  further  extension  of 
electric  lighting  methods.  Siemens  and  Halske  have  recently 
arrived  at  the  solution  of  the  problem  which  has  been  attempted 
everywhere  of  the  division  of  the  electric  light  by  the  use  of 
automatic  regulators.  This  is  essentially  effected  so  that  not  only, 
as  in  electric  lamps  hitherto  used,  the  strength  of  the  current  in 
the  whole  circuit  regulates  the  distance  of  the  carbons,  but  that 
by  means  of  a  shunt  the  resistance  of  each  separate  light  is  auto- 
matically corrected.  This  principle  of  the  use  of  shunts  to  the 
lamps  for  regulation  was  already  applied  in  previous  constructions 
of  tbe  firm's  lamps  and  patented  in  many  countries,  but  recently 
M.  von  Hefner- Alteneck,  by  the  use  of  a  very  sensitive  differential 
action  of  the  electric  current,  has  constmcted  very  simple  and 
perfect  acting  lamps,  which  completely  solve  the  problem.  With 
the  help  of  these  differential  lamps  certainly  theoretically  as  many 
lamps  as  desired  can  be  brought  into  one  circuit,  but  by  its  means 
an  unlimited  division  of  the  electric  light  cannot  be  effected,  as  the 
electro-motive  force  of  the  machine  must  then  possess  au  amount 
dangerous  for  its  preservation.  Too  extensive  a  division  has  the 
disadvantage  that  the  total  amount  of  the  light  diminishes  in  a 
high  degree  with  the  division.    One  must  therefore  be  satisfied 


394  ^^^   SCIENTIFIC  PAPERS,    ETC.,    OF 

with  setting,  at  the  most,  double  as  many  lamps  as  Jablochkoff 
candles,  in  the  circuit  of  an  alternating  machine.  The  differential 
lamps  have  this  advantage  over  the  candles  that  the  extinguishing 
of  a  single  lamp  in  the  circuit  cannot  occur,  unless  the  machine 
absolutely  stops  or  there  is  a  break  in  the  circuit,  and  that  the 
lamps  automatically  relight  if  they  have  been  extinguished  through 
such  external  causes.  And  besides,  one  can  allow  one  or  other 
lamp  to  be  put  out  without  affecting  the  other  lamps  in  the  circuit. 
Lamp  lighting  has  besides  the  farther  advantage  over  candle 
lighting,  that  the  cost  of  the  carbons  is  smaller  than  the  candles, 
that  the  cost  of  electric  lighting  under  circumstances  is  con- 
siderably less  than  gas  lighting.  To  prevent  misunderstanding,  it 
must  be  further  explained  that  it  is  only  a  question  here  of  the 
division  of  the  electric  arc,  which  has  hitherto  not  been  done  with 
safety.  By  means  of  the  electric  lighting  recently  effected  with 
glowing  pieces  of  coke,  platinum  wire,  &c.,  by  Reynier  of  Paris, 
Markus  of  Vienna,  Edison  of  America,  and  others,  certainly  an 
extensive  division  of  the  electric  light  can  be  effected  without 
danger,  but  such  glow  lights  give  relatively  little  light,  and  cannot 
be  properly  called  electric  lighting  in  the  sense  hitherto  used. 


ELECTRICITY  IN  THE  SERVICE  OF  LIFE.* 

GrEXTLEMEN, — It  may  appear  strange  that,  at  this  meeting 
devoted  to  scientific  endeavours,  I  undertake  to  speak  upon  a 
subject  which,  according  to  its  title  '^  Electricity  in  the  service  of 
life,*'  appears  rather  to  be  of  a  technical  than  scientific  character. 
Now,  gentlemen,  already  some  years  ago  I  said  in  my  inaugural 
address  in  another  place,  where,  as  the  loved  friend  of  my  youth, 
du  BoisReyraond,  correcting  me  replied,  "the  progress  of  scientific 
knowledge  is  dependent  on  itself  alone,"  that  the  high  and  tme 
vocation  of  science  is  *'  to  increase  the  store  of  knowledge  and 
pc  wer  of  the  whole  of  mankind,  and  to  bring  it  thereby  lo  a  higher 

*  Address  in  the  Physical  Section  of  the  Meeting  of  Natural  Philoeophers 
at  Baden-Badeu,  1879. 
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level  of  culture."  It  therefore  seems  well  for  a  scientific  associa- 
tion^ from  time  to  time  to  look  about  iu  life,  and  enjoy  the  results 
which  scientific  investigation  in  connection  with  practical  creative 
activity  has  achieved  in  this  direction.  At  the  same  time  I  do  not 
wish  however  to  be  misunderstood,  as  though  I  would  measure  the 
value  of  scientific  investigation  in  general  with  the  measure  of 
practical  advantage.  Every  new  thought,  every  newly  perceived 
fact,  every  better  knowledge,  is  an  increase  of  the  one  great  valu- 
able treasure  of  mankind,  their  store  of  knowledge,  and  to  enrich 
this,  without  that  consideration  for  present  direct  advantage  or 
gain  connected  with  it,  has  always  been  a  special  title  of  honour  of 
German  science,  and  will,  it  is  to  be  hoped,  long  continue  so.  We 
can  never  tell  beforehand  whether  a  quite  insignificant  increase  of  our 
knowledge  may  not,  sooner  or  later,  be  of  great  importance.  Who, 
in  his  time,  could  have  had  a  presentiment  that  Galvani's  insig- 
nificant observation  that  the  leg  of  a  frog  under  certain  conditions, 
moved  when  touched  with  an  iron  grating,  would  be  the  point  of 
departure  for  the  discovery  of  an  important  natural  law,  which, 
after  a  short  time,  would  forcibly  transform  the  life  of  mankind  to 
an  extent  which  is  as  yet  immeasurable,  and  would  increase  their 
dominion  over  the  powers  of  nature.  Our  fathers  were  partly  con- 
temporaries of  Galvani  and  Yolta,  have  therefore  stood  by  tbe  cradle 
of  Galvanism,  and  at  present  there  is  hardly  a  great  department  of 
life  in  which  the  electric  current  does  not  exert  a  transforming  or 
at  least  a  helping  and  animating  infinence. 

I  will  neither  trouble  you  with  the  description  of  all  applications 
of  the  electric  current  to  practical  purposes,  nor  bring  before  you 
a  history  of  these  applications  ;  but  a  short  reference  to  its  many- 
sidedness,  as  well  as  to  the  limits  striven  for  and  attained  in  the 
different  periods  of  development,  would  be  in  place,  for  what  one 
has  always  for  a  long  time  been  accustomed  to,  one  easily  considers 
as  self-evident,  and  one  hardly  remembers  the  time  when  it  was 
wanting.  Who  is  now  surprised  that  the  telegraph  brings  him 
news  in  a  few  minutes  or  may  be  hours  from  far  distant  friends, 
that  he  finds  daily  in  the  newspapers  an  epitome  of  all  the  impor- 
tant events  which  have  happened  on  the  same  or  preceding  day  in 
all  the  lands  of  the  earth  ?  To  whom  does  it  now  appear  strange 
that  the  electric  current  precipitates  metals  in  the  solid  state  from 
their  solutions  ?    And  yet  the  older  ones  among  you  will  remember 
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their  reverential  astonishment  at  the  mysterious  control  of  natural 
forces,  when  they  assisted  for  the  first  time  in  a  telegraphic  corres- 
pondence with  a  distant  place,  or  when  they  observed  for  the  first 
time  how  in  the  gilding  cell,  a  common  metal  waa  covered  in  a  few 
moments  before  their  eyes,  with  a  solid  coating  of  dazzling  gold. 
Our  youth  now  looks  upon  telegraphy  and  electro-plating,  like 
steam  engines  and  railways,  as  bo  many  things  of  course,  as  our 
older  generation,  which  haa  seen  the  origin  of  these  things,  or 
actually  taken  part  in  their  creation,  in  their  young  days  perhaps, 
looked  upon  gunpowder  and  printing.  One  actually  feels  tempted 
to  pity  a  young  man  that  he  has  not  been  permitted  to  take  part 
in  this  creative  process  of  development,  if  one  did  not  grudge  him 
the  prospect  of  creating  the  wonders  of  the  future  which  must 
shoot  up  from  the  seed  that  we  have  sown. 

Soon  after  Volta  had  discovered  the  basis  of  our  present  know- 
ledge of  the  electric  current,  and  had  found  means  by  the  con- 
struction of  the  Voltaic  battery  named  after  him,  of  producing 
a  permanent  electric  current,  inventive  minds  began  to  ponder  aa 
to  the  usefulness  of  this  new  wonderful  force.  Already,  in  1808, 
Dr.  Sommering  proposed  to  employ  it  for  telegraphy  and  produced 
a  model  which  was  in  condition  to  caiTy  out  the  purpose.  To 
carry  out  his  plan  required  certainly  many  long  years  of  earnest 
skilled  work.  Only  after  Oersted  had  revealed  the  physiological, 
chemical  and  thermal  actions  of  the  current,  and  also  its  inductive 
properties,  and  its  laws  had  been  explored  by  such  men  as  Ampere, 
Schweigger,  Arago,  Faraday,  Gauss  and  Weber,  Wheatstone,  Lenz 
and  Jncobi,Poggendorif,  Dove,  and  many  others, could  Sommering's 
bold  plan  be  realized.  But  although  the  telegraphs  which  Gauss 
and  Weber  in  Gottingen  and  Steinheil  in  Munich,  actually  pro- 
duced in  the  beginning  of  the  thirties  worked  well,  another  ten 
years  passed,  before  the  practical  sense  of  the  American  and 
Englishman  brought  telegraphy  actually  into  every  day  lite.  From 
this  time  forward,  about  30  years  ago,  telegraphy  begins  its  quick 
development  up  to  its  present  high  significance  in  the  civilized 
life  of  mankind.  All  nations  take  part  in  this*  race,  including  our 
German  Fatherland  in  the  fii"st  line.  What  an  indispensable 
means  of  intercourse  telegraphy  has  already  become,  is  best  shewn 
when,  through  violent  storms  or  some  other  extraordinary  occur- 
rence, a  lasting  disturbance  of  telegraph  business  takes  place. 
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This  is  found  to  be  a  hardly  cndarable  calamity  and  numberless 
interests  suffer  severely  thereby.  But  nevertheless  the  process  of 
development  gives  security  for  this,  that  we  stand  at  the  com- 
mencement of  the  telegraph  era.  For  it  is  only  in  the  most  recent 
times  that  the  telephone  has  been  invented,  which  has  given  to  the 
telegraph,  which  previously  sent  word,  wrote,  printed  and  drew, 
the  power  of  directly  transmitting  human  speech.  But  the  tele- 
graph in  a  wider  sense  is  not  restricted  to  the  communication  of 
news.  The  possibility  due  to  the  electric  current  of  performing 
without  remarkable  loss  of  time,  a  mechanical  action  at  a  distant 
place,  has  imposed  on  it  a  great  number  of  further  services.  The 
railway  telegraph  regulates  the  running  of  trains,  electric  signal 
arrangements  of  all  kinds  protect  these  and  the  public  against 
danger.  The  block  apparatus  increase  the  efficiency  of  railway 
lines,  the  station  block  apparatus  guide  the  trains  safely  through 
the  confusion  of  tracks  and  points  of  stations,  whilst  they  avert 
derailments  or  collisions  which  might  arise  through  mistakes  or 
negligence.  The  electric  bell  supplants  more  and  more  the  incon- 
venient and  uncertain  mechanical  one  as  well  in  dwelling  houses 
as  in  factories  and  mines.  The  fire  telegraph  announces  the  com- 
mencement of  a  fire  when  it  can  be  easily  put  out,  and  an  attempted 
burglary  is  automatically  announced  by  telegraph.  The  military 
telegraph  guides  the  motion  and  maintenance  of  armies,  the  outpost 
telegraph  brings  its  most  distant  feelers  the  outposts  in  permanent 
direct  communication  with  the  conmiand.  The  electric  distance 
measurer  announces  to  the  batteries  the  distance  and  position  of 
the  enemy's  ship  and  indicates  the  moment  when  the  destruction- 
bringing  torpedo  is  to  be  electrically  fired.  The  electric  current 
measures  the  velocity  of  projectiles  through  the  air,  and  the 
increase  of  its  velocity  at  every  portion  of  the  bore  of  the  gun. 
The  exchange  telegraph  brings  to  bankers  continually^  and  without 
any  trouble,  the  rates  of  all  the  exchanges,  and  prints  on  their  work 
table  the  important  political  events.  To  seamen  and  landsmen,  the 
tel^aph  announces  that  a  storm  is  slowly  approaching.  The 
electric  water-level  indicator  shows  at  the  pumping  station  at  each 
moment  the  height  of  water  in  the  reservoir,  to  the  mariner  in  the 
harbour  the  depth  of  water  above  the  bar  that  has  to  be  crossed. 
The  electric  mine  gas  alarm  warns  of  the  danger  of  explosion 
during  thunderstorms.    Wherever  one  looks,  the  electric  current 
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acts  in  short,  as  helper  or  protector.  Yet  ic  is  not  alone  the  great 
velocity  of  transmission  of  the  electric  current  which  makes  it  so 
serviceable  for  the  quick  conveyance  of  signals  and  especially  for 
the  performance  of  slight  mechanical  work  at  distant  places  and  has 
procured  it  an  extended  use  in  life,  but  also  its  first  discovered  pro- 
perties, its  physiological,  chemical  and  thermal  actions.  Physicians 
make  use  for  the  healing  of  the  diseases  of  mankind^  of  the  electric 
current,  and  make  bloodless  operations  with  wires  electrically 
brought  to  red  heat ;  the  miner  explodes  his  mine  by  means  of 
galvanic  batteries,  or  with  the  help  of  magneto-electric  or  dynamo- 
electric  mine  exploders.  The  electro-plater  leaves  to  the  electric 
current  the  filling  of  his  moulds  with  solid  metal ;  the  electric 
current  engraves,  gilds,  silvers,  coppers,  and  nickels.  It  serves 
the  chemist  for  carrying  out  his  analyses,  the  physicist  for  his 
scientific  experiments  in  numerous  instruments  and  methods. 

In  all  these  applications  of  the  electric  current  no  great  work  is 
imposed,  and  for  carrying  them  out,  galvanic  batteries  perfected 
by  degrees  or  magneto-inductors  sufiSce.  The  idea  soon  occurred, 
to  pass  this  limit,  and  also  to  produce  greater  results  from  the 
electric  current.  Such  a  problem  was  the  production  of  the  electric 
light.  If  a  conductor  traversed  by  the  electric  current  is  suddenly 
broken,  an  illuminating  spark  takes  place  at  the  point  of  fracture. 
If  the  current  and  the  electric  potential  which  produces  it  is  strong 
enough,  and  the  distance  between  the  ends  of  the  broken  conductor 
is  not  too  great,  the  current  continues  and  the  separating  air  space 
is  filled  with  a  glowing  appearance  of  light,  the  so-called  Davy  arc, 
which  reproduces  the  conductive  continuity.  The  arc  is  specially 
brilliant  and  illuminating  if  the  ends  of  the  conductor  are  formed 
of  carbon.  This  electric  light  has  much  occupied  scientific  and 
technical  men  and  has  found  much  application.  But  tor  its  pro- 
duction, galvanic  batteries  with  a  great  number  of  large  cells  were 
necessary,  the  making  and  maintenance  of  which  are  costly,  the 
setting  up  of  which  is  troublesome,  and  the  strong  exhalations 
from  which  are  noxious.  The  application  of  the  electric  light 
therefore,  remained  very  restricted  for  nearly  half  a  century.  The 
construction  and  application  of  large  magneto-electric  machines, 
to  which  I  shall  revert  later,  has  altered  this  but  little.  It  had 
just  as  little  result  in  producing  or  transmitting  considerable  work 
by  means  of  the  electric  current    There  are  a  great  number  of 
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constractors  of  whom  I  will  only  here  name  Jacobi  of  St.  Peters- 
burg the  inventor  of  electro-plating,  and  the  American,  Page,  who 
have  been  occupied  with  the  construction  of  large  electric  power 
machines  ;  the  late  German  Diet  had  even  offered  a  national 
reward  for  a  successful  construction  of  such  machines.  All  these 
efforts  however,  were  tb'^arted  by  the  costliness  and  difficulty  of 
the  production  of  the  strong  currents  required.  Page  certainly 
succeeded  in  constructing  an  electric  machine  of  several  horse 
power,  and  Jacobi  travelled  with  an  electiically  propelled  boat  on 
the  Neva ;  yet  finally  the  latter  himself  on  the  basis  of  his  experi- 
ments declared  the  solution  of  the  problem  to  be  impossible, 
because  the  production  of  the  electric  current  by  means  of  galvanic 
I)atteries  was  too  costly  and  because,  farther,  through  the  opposing 
force  generated  by  the  working  electric  machine,  the  power  of  the 
battery  was  too  much  reduced.  We  must  arrive  at  the  same 
judgment  through  the  Meyer-Helmholtz  law  of  the  conservation 
of  energy.  According  to  it,  work  is  the  equivalent  of  the  heat 
which  is  expended  in  its  production.  In  the  steam  engine,  this 
heat  is  produced  by  the  burning  of  coal,  in  the  electric  machine  by 
the  burning  of  zinc  in  nitric  acid,  or  some  other  oxidizing  liquid. 
This  is,  however,  an  incomparably  more  costly  fuel  than  coal. 
We  should  therefore  be  obliged  to  give  up  the  direct  production 
of  large  forces  by  electricity  at  least  until  science  has  shewn 
quite  new  means,  leading  to  cheap  production  of  powerful  electric 
currents. 

But  if  for  the  first  production  of  work,  we  are  dependent  on 
heat  engines,  which  change  heat  into  work  either  directly  or  by 
means  of  steam,  or  to  the  use  of  the  sources  of  energy  existing  in 
nature,  the  question  arises,  whether  we  cannot  apply  these  natural 
forces  with  advantage  to  the  production  of  powerful  electric 
currents,  which  again  on  their  side  can  be  used  for  the  production 
of  electric  light,  for  galvanic  changes,  or  for  the  transmission  of 
power  to  other  places.  In  fact  this  is  practicable  with  the  help  of 
magneto-electric  machines,  and  has,  indeed,  been  done  for  a  long 
time.  The  magneto-electric  machine  depends  on  the  induction 
discovered  by  Faraday,  i,e.  on  the  fact  that  in  a  conductor  joined 
up  to  form  a  conducting  circuit,  which  is  approached  to  another 
conductor  in  which  a  current  circulates,  there  arises  on  the 
approach  an  oppositely  directed  current,  and  on  the  removal  on 
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the  other  hand  a  similarly  directed  current.    Thie  same  thing 
happens  if  a  magnet  is  used  instead  of  the  conductor  traversed  by 
a  continuous  current,  to  which  the  conductor  is  approached  or 
ft'om  which  it  is  removed.    As  similarly  directed  currents  attract 
and  oppositely  directed  repel  one  another,  both  the  approach  of 
the  induced  conductor  to  the  conductor  continuously  traversed  by 
the  current  or  to  the  magnet  taking  its  place,  as  also  its  removal 
necessitate  a  consumption  of  work  eqnivalent  to  the  current  pro- 
daced.    The  machines  for  the  production  of  electric  current  based 
on  this  were  called  magneto-electric  machines  in  contrast  to  the 
electro-magnetic,  in  order  to  signify  thereby,  that  with  magneto- 
electric  machines  an  electric  cun*ent  is  produced  with  the  help  of 
existing  permanent   magnets,  with    electro-magnetic   machines 
on  the  other  hand  work  is  produced  by  an  existing  current. 
Magneto-electric    current   generators  are  constructed  in  many 
different  forms,  and  form  one  of  the  most  important  aids  to 
electrical  science.    It  haa  also  been  possible  to  construct  magneto- 
electric  machines  of  such  strength,  that  by  means  of  the  current 
generated  by  them,  electric  light  can  be  produced.    But  there  is 
a  difficulty  in  connection  with  them,  which  limits  their  applica- 
bility.   Steel  magnets  take  only  a  slight  degree  of  magnetism,  in 
comparison  with    electro-magnets,  and   they  mutually  weaken 
each  other,  when  their  similar  poles  are  approached  or  many  of 
them  are  joined  into  one  large  magnet.  Magneto-electric  machines 
must  therefore  be  constructed  of  very  large  dimensions,  if  powerful 
currents  are  to  be  produced,  which  makes  them  very  heavy  and 
costly.    Besides  a  large  number  of  steel  magnets  contiguous  to 
each  other  lose  their  magnetism  with  time,  under  the  action  of  the 
unavoidable  shocks  which  they  sustain.    Useful  and  indispensable 
as  magneto-electric  machines  are  for  the  production  of  slight 
currents,  yet  they  do  not  serve  for  the  production  of  such  strong 
currents  as  are  required  for  electric  light,  transmission  of  power, 
and  employment  for  metallurgical  purposes. 

The  English  mechanician  Wilde  made  a  first  remarkable  step  in 
this  direction,  in  that  he  combined  a  small  magneto-electric 
machine  with  a  larger  one,  and  in  the  latter  replaced  the  steel 
magnet  by  a  large  electro-magnet.  He  made  use  for  this  purpose 
of  my  construction  of  magneto-electric  machines  in  which  the 
mobile  part  takes  the  form  of  a  cylinder  rotating  on  its  axis. 
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(Double  T  armature.)  If  both  cylinders  are  then  caused  to  rotate, 
and  the  current  of  the  magneto-electric  machine,  redressed  by  a 
commatator,  is  led  through  the  windings  of  the  fixed  electro- 
magnet of  the  greater,  the  latter  produces  very  powerful  currents, 
which  were  used  by  Wilde  for  the  production  of  electric  light,  and 
for  the  purpose  of  depositing  copper  on  a  large  scale. 

I  succeeded  in  solving  the  problem  of  the  safe  and  cheap  pro- 
duction of  powerful  electric  currents  in  another  way  in  which 
the  use  of   steel  magnets  was  quite  obviated.      The  principle 
upon  which  these  machines  rest  is  the  same  as  that  upon  which 
are  founded  the  electric  machines  of  Topler  and  Holtz,  that  of 
reinforcing  the  cause  of  the  production  of  electric  potential  by  the 
action  of  the  same.     If  the  steel  magnets  of  a  magneto-electric 
machine  are  supposed  to  be  replaced  by  electro-magnets,  and 
the  currents  of   the   rotating   part   of   the   machine,  rectified 
by  means  of  a  commutator,  are  so  directed  through  the  wind- 
ings of  the  electro-magnets  replacing  the  steel  magnets,  that 
the  current  increases  the  magnetism  in  the  right  direction,  the 
strengthened  magnetism  must  produce  still  stronger  currents  and 
so  forth,  until,  when  the  revolution  continues  uniformly,  either 
the  maximum  of  magnetism  in  the  iron  is  reached,  or  the  machine 
is  destroyed  by  too  great  a  production  of  heat  in  the  wires.    A 
very  small  quantity  of  magnetism  in  the  fixed  electro-magneta 
suffices  to  begin  the  automatic  increasing  action  or  for  starting 
the  machine.    Not  only  the  remanent  magnetism  in  the  softest 
iron  suffices  for  the  immediate  starting  of  the  machine,  but  this  is 
brought  about  already  in  newly  made  machines  by  the  earth's 
magnetism.    I  called  these  machines  dynamo-electric  machines 
in  my  first  communication  to  the  Berlin  Academy  of  Sciences  in 
January,  1867,  on  the  principle  lying  at  the  foundation  of  them, 
in  order  to  explain  thereby  that  through  them  motive  power  was 
changed  directly  into  electric  current,  that  is  in  this  case  without 
the  aid  of  permanent  magnets.    As  every  working  electro-magnetic 
machine,  as  already  previously  stated,  produces  opposing  currents, 
which  weaken  the  electric  current  moving  them,  and  as  the 
direction  of  these  currents  is  dependent  on  the  direction  in  which 
the  machine  is  turned,  turning  it  in  the  opposite  direction  must 
on  the  other  hand  strengthen  them.    Exactly  considered,  therefore, 
every  electro-magnetic  machine  when  turned  backwards  becomes 
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dynamo-electric.    That  owing  to  this  circumstance  the  production 
of  dynamo-electric  currents  has  not  already  long  ago  been  acci- 
dentally discovered  is  easily  explained  by  the  special  conditions  of 
construction  which  must  be  fulfilled  with  electro-magnetic  machines, 
in  order  that  they  may  be  applicable  as  dynamo-electric  machines. 
At  first  such  dynamo-electric  machines  were  constructed  with 
my  previously  mentioned  rotating  cylindrical  armature.    It  hap- 
pened, however,  that  the  iron  of  this  armature  became  greatly 
heated  owing  to  the  rapid  and  powerful  alterations  of  polarity. 
Later  improved  machines  have  been  constructed  by  Gramme  and 
von  Heiner  Alteneck,  in  which  this  disadvantage  is  obviated.    No 
special  commutation  of  the  alternating  direction  of  the  induced 
current   takes    place    in  these   dynamo-electric   machines  now 
generally  used  with  unessential  modification  as  in  the  old  magneto- 
electric  and  dynamo-electric  machines,  but  the  alternating  currents, 
which  are  generated  successively  in  a  continuous  series  of  induction 
coils,  unite  in  a  branch  or  bridge  conductor  directly  into  a  contin- 
uous similarly  directed  current.    I  had  already  made  use  of  such  a 
combination  in  a  Volta-inductor,  which  was  exhibited  at  the  first 
Paris  Exhibition  in  the  year  1855,  and  is  now  to  be  found  in  the 
historical  collection  of  the  Berlin  Post-office  museum.    These  plate 
machines,  so  called  on  account  of  their  shape,  served  to  produce  with 
a  few  cells  currents  of  high  potential  such  as  are  necessary  for  use 
on  long  telegraph  lines.    They  were  not  suitable  for  the  production 
of  stroDg  currents.     The  Gramme  machine  is  in  all  essential 
elements  identical  with  the  magneto-electric  machine  constructed  by 
Professor  Pacinotti,  which  Gramme  by  rotating  backward  accord- 
ing   to   my   contention   made   into  a  dynamo-electric  current 
generator.    It  consists  of  an  iron  ring  wound  with  insulated  wire, 
rotating  between  the  poles  of  a  powerful  electro-magnet.    The 
wire  wound  in  a  closed  circuit  is  divided  into  a  number  of  equal 
portions,  and  provided  at  the  points  of  division  with  contacts, 
which  by  rotation  are  brought  into  contact  with  fixed  spring 
contacts,  at  two  points  diametrically  opposite  to  one  another.    If 
these  contacts  are  at  right  angles  to  the  line  joining  the  poles  of 
the  magnet,  and  if  they  form  the  terminals  of  a  branch  wire  this 
takes  up,  as  in  the  plate  machine,  the  alternate  currents  induced 
in  the  two  halves  of  the  winding  of  the  ring  as  a  continuous 
current.    Yon  Hefner's  construction  differs  essentially  from  that 
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of  Pacinotti-Gramme,  in  that  the  former  does  not  like  the  latter 
use  a  ring  wound  with  wire,  but  a  solid  or  hollow  iron  cylinder, 
which  is  only  wound  on  its  outer  surface  with  longitudinal  closed 
windings.  The  separate  divisions  of  these  outer  windings  are  so 
connected  with  the  diametrically  opposite  sliding  contacts,  in  a 
manner  very  difficult  to  understand  without  a  diagram,  that  all 
the  induced  currents  make  their  appearance  as  a  continuous 
current  in  the  outer  circuit.  Von  Hefner's  construction  has  the 
great  advantage  over  the  Pacinotti-Gramme,  that  in  it  the  greater 
part  of  the  wire  wound  on  the  armature  is  subjected  to  induction, 
and  therefore  active,  whilst  with  the  Gramme  only  the  wire 
wound  on  the  outer  surface  of  the  ring,  and  therefore  only  the  half 
of  it  is  active. 

I  have  treated  the  dynamo-electric  machine  in  its  various  forms 
more  fully  than  others,  because  it  forms  the  bridge  to  a  wider 
magnificent  development  of  the  service  which  electricity  is  called 
upon  to  render  to  mankind.  As  I  already  drew  attention  in  the 
first  communication  on  the  principle  of  the  dynamo-electric 
machine,  the  possibility  is  given  by  its  means,  of  transforming 
work  in  every  instance  into  electric  current,  in  order  to  use  this 
for  electric  lighting,  for  metallurgical  processes,  for  the  transmis- 
sion of  power,  and  perhaps  later  for  other  still  unknown  purposes. 
Since  that  time  twelve  years  work  has  been  required  to  overcome 
the  difficulties,  which  opposed  the  safe  production  and  application 
of  these  strong  currents,  and  in  the  future  certainly  much  time  and 
money  must  be  spent,  to  make  the  further  advances  which  are  still 
necessary  ;  we  can,  however,  even  now  assert  with  confidence  that 
in  the  dynamo-electric  machine  we  have  a  further  important  means 
of  making  the  forces  of  nature  useful  in  the  service  of  man.  This 
stands  out  specially  clear  in  the  advances,  which  electric  lighting 
hafl  made  in  recent  times.  There  is  hardly  a  large  light-house  now 
built,  which  does  not  use  the  electric  light.  By  the  assistance  of  the 
electric  light,  large  ships  at  night  and  in  fogs,  seek  to  discover  rocks 
which  threaten  danger  and  fehips  that  may  be  encountered ;  by  its 
means,  steam  tugs  are  enabled  to  find  their  way  by  night  in  rivers 
and  canals.  Electric  light  already  illuminates  many  factories,  work- 
shops, and  large  halls.  It  plays  an  important  part  in  ofiensive  and 
defensive  warfare,  and  has  been  everywhere  widely  used,  where 
great  brightness,  the  beauty  of  dazzling  white  light,  and   its 
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proportionately  slight  heat,  as  well  as  the  absence  of  objectionable 
products  of  combustion  are  the  first  consideration.  However, 
until  a  few  years  ago,  a  great  obstacle  still  stood  in  the  way  of  the 
universal  extension  of  the  electric  light — its  want  of  divisibility. 
Previous  to  that  time  it  was  not  possible  to  arrange  more  than  one 
arc  with  safety  on  one  circuit.  This  is  explained  by  the  regulation 
of  the  mechanism,  which  governs  the  distance  of  the  carbon 
points,  between  which  the  electric  light  appears,  being  worked 
by  the  strength  of  the  current,  which  prevails  in  the  circuit. 
If  the  arc  is  lengthened  by  the  consumption  of  the  carbons,  its 
rcsistance  increases,  and  hence  the  strength  of  the  current  in  the 
circuit  diminishes,  and  a  coiTesponding  approach  of  the  carbons  is 
brought  about  by  the  lamp  mechanism.  If  however  more  arcs 
are  in  the  same  circuit,  the  strength  of  tiic  current  in  it  is 
dependent  on  the  sum  of  the  resistances  of  all  the  arcs,  whereby  it 
becomes  indifferent  bow  great  the  resistance  of  a  single  one  is. 

The  strength  of  the  current  can  therefore  not  be  used  for  the 
regulation  of  the  length  of  arc  of  the  separate  arc  lights.  In  oi*der 
to  overcome  this  difSculty  and  make  an  unlimited  division  of  the 
electric  light  possible,  one  has  sought  frequently,  and  down  to  the 
very  latest  times,  to  use  as  sources  of  light,  in  place  of  arcs,  thin 
pieces  of  carbon  or  metal,  which  are  made  to  glow  by  means  of  the 
electric  current.  The  electric  light  so  produced  is  however 
relatively  very  weak,  requires  much  current,  consequently  much 
energy,  and  can  hardly  be  called  electric  light.  Jablochkoff  made 
the  first  important  step  in  the  direction  of  the  division  of  the 
electric  light.  He  placed  two  parallel  pieces  of  carbon  near  one 
another  and  filled  the  space  between  them  with  gypsum  or  some 
other  refractory  substance.  Of  such  electric  candles  four  or  six 
can  be  placed  in  circuit,  as  the  length  of  the  arc  is  a  fixed  one 
for  all. 

In  order  to  obtain  a  uniform  burning  of  both  carbons,  instead 
of  direct,  alternate  currents  were  used  for  the  production  of  the 
light,  as  had  been  done  previously  when  magneto-electric  machines 
were  used  for  the  production  of  the  light.  These  "electric 
candles"  have  decidedly  contributed  to  the  extension  of  electric 
lighting,  but  only  imperfectly  fulfil  their  purpose  as  all  the 
candles  go  out  when  one  is  extinguished  from  any  cause,  and  as 
the  light  does  not  then  relight,  which  it  does  with  electric  lamps. 
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It  was  leh  for  modern  times  to  find  a  solution  of  the  problem  of  the 
division  of  arc  lamps  by  the  use  of  mechanism  regulating  the  length 
of  the  arc^  and  thereby  to  overcome  the  main  obstacle,  which 
hitherto  opposed  the  general  use  of  electric  lighting.  The  regula- 
tion is  effected  by  bringing  in  a  shunt  for  each  arc  lamp.  In  the 
division  of  a  current,  the  current  in  one  branch  is  the  stronger  the 
greater  the  resistance  in  the  other.  If  then  the  lamp  is  so  con- 
structed, that  an  increase  of  the  current  in  the  by-pass  of  the  arc 
produces  an  approach  of  the  carbon  points,  this  must  also  occur 
through  a  lengthening  of  the  arc  taking  place,  and  thereby 
each  arc  is  kept  to  its  normal  length.  I  had  already  previously 
recognized  this  applicability  of  the  shunt  for  the  regulation 
of  the  electric  arc,  and  used  it  in  the  construction  of  electric 
lamps  ;  we  have,  however,  to  thank  Mr.  von  Hefner  who  has 
already  been  mentioned,  the  head  of  the  construction  department 
of  Siemens  and  Halske,  for  the  successful  construction  of  a  lamp, 
which  with  the  help  of  a  differential  action  between  the  main  and 
shunt  currents  has  solved  the  problem  in  a  very  simple  and 
perfect  manner.  By  means  of  such  lamps  the  imperial  gallery 
at  Berlin  was  for  the  first  time  lighted  as  an  annexe  to  the 
Berlin  Industrial  Exhibition  during  the  whole  period  of  the 
exhibition. 

The  waiting  room  of  the  Royal  East  Railway  and  the  buildings 
of  the  Imperial  Diet  in  Berlin,  the  new  Munich  railway  station 
and  many  private  buildings  have  besides  been  already  electrically 
lighted  in  this  way.  It  has  thus  become  apparent  that  the  cost 
of  lighting  large  open  spaces,  with  at  least  three  times  brighter 
illumination  of  the  ground,  even  with  the  use  of  gas  engines,  is 
only  equal  to  the  cost  of  gas  lighting.  I  ought,  however,  here  to 
remark,  that  the  electric  light  will  nevertheless  with  difficulty  be 
able  to  supplant  gaslight  at  any  time.  The  groat  convenience, 
cleanliness,  and  unlimited  divisibility  of  gas  lighting,  as  well  as 
the  heating  properties  of  gas,  will  always  give  it  the  advantage 
over  electricity,  where  the  great  brightness  which  is  to  be  obtained 
by  electric  lighting,  the  pure  whiteness  of  the  light,  the  slight 
heating  and  pollution  of  the  air  for  larger  spaces  to  be  lighted  do 
not  speak  decisively  in  favour  of  electric  lighting.  The  use  of 
strong  electric  currents  for  the  transmission  of  power  and  for 
chemicil  transformations  in  metallurgy  and  chemical  industry 
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have  hitherto  been  much  less  developed  than  for  lighting.  In 
the  Berlin  Industrial  Exhibition  two  examples  of  the  transmission 
of  power  by  dynamo-electric  machines  are  shewn.  A  large  loom 
and  some  smaller  machines  are  driven  by  an  electro-dynamic 
machine,  which  is  set  in  motion  through  a  leading  wire  by  a 
similar  dynamo  (with  the  exception  of  the  position  of  the  spring 
contacts)  set  up  in  the  machine  room.  There  is  further  exhibited 
a  narrow  gauge  railway,  about  300  metres  long  closed  on  itself, 
round  which  travels  a  small  electric  locomotive  with  3  passenger- 
carriages  attached  travelling  at  the  rate  of  3  or  4  metres  a  second. 
The  rails  of  the  railway  form  the  one  conductor  to  the  large  sized 
electric  light  dynamo  in  the  machine  room,  whilst  a  conductiug 
rail  between  the  rails  not  in  conductive  connection  with  them, 
forms  the  end  of  the  other  conductor.  The  locomotive  consists 
essentially  of  a  machine  quite  similar  to  that  producing  the 
current,  of  which  one  wire  is  in  conductive  connection  through 
the  wheels  of  the  locomotive  with  the  rails,  whilst  the  other  com- 
municates by  means  of  a  contact  arrangement  with  the  central 
rail.  If  the  circuit  is  closed,  and  the  current  generating  machine 
is  running  continuously  at  600  to  700  revolutions  a  minute,  the 
locomotive  sets  to  work  with  great  power  and  traverses  the  railway 
at  a  constant  speed.  The  locomotive  draws  at  its  coupling  with 
a  force  of  about  200  kilogrammes  when  the  wagon  is  at  rest,  and 
of  about  70  to  80  kilogrammes  when  it  moves  at  a  velocity  of  3 
metres,  which  represents  a  tractive  force  of  3  effective  h.p.  It 
appears  remarkable  that  this  velocity  only  alters  slightly,  when 
instead  of  the  usual  load  of  passenger  cars  (with  18  persons),  a 
double  or  even  triple  load  is  taken,  and  that  the  force  of  the  first 
drawing  is  so  considerable.  But  this  is  a  special  peculiarity  of 
electrical  transmission  of  power.  In  short  its  theory  may  be 
considered  from  the  following  points  of  view.  If  one  assumes  a 
dynamo-electric  machine  of  Gramme's  or  von  Hefner's  construc- 
tion on  closed  circuit  set  in  rotation,  the  current  and  therewith 
the  magnetism  of  the  fixed  electro-magnet  increases  to  such  a 
degree,  as  the  special  construction  of  the  machine,  and  the 
inserted  resistance  allows  of.  The  energy  which  is  necessary  to 
d»^ve  the  wires  wound  on  the  rotating  iron  ring  of  the  cylinder 
traversed  by  the  cuiTent  through  the  sphere  of  attraction  of  the 
magnet  poles  (the  magnetic  field)  is  proportional  in  the  first  place 
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to  the  strength  of  current  in  the  wires,  secondly  to  the  strength  of 
the  magnetism,  which  within  certain  limits  is  proportional  to  the 
strength  of  the  current,  and  thirdly  to  the  velocity  of  the  wires,  or 
the  Telocity  of  rotation.  As  the  strength  of  the  current  is 
proportional  to  this  velocity  as  its  producing  cause,  the  work 
employed  in  the  rotation  must  be  as  the  third  power  of  the  velocity 
of  rotation.  The  relation  is  otherwise,  when  a  second  equal  or 
similar  machine  is  inserted  in  the  circuit.  This  is  then  rotated  in 
its  turn  as  an  electro-magnetic  machine  by  the  current  which  the 
dynamo  electric  machine  mechanically  set  in  motion  produces  and 
then  generates  an  opposing  current  as  Jacobi  already  found, 
which  diminishes  the  working  current.  If  this  work  producing 
machine  is  of  similar  construction  to  the  current  producing  one, 
the  opposing  current  which  arises  is  equally  proportional  to  the 
square  of  its  velocity  of  rotation.  The  final  result  consequently 
is  a  strength  of  current  active  in  the  whole  circuit  which  is 
proportional  to  the  square  of  the  diflTerence  of  velocity  of  the  two 
machines.  If  c  and  ^  are  the  velocities  of  the  two  opposed 
rotating  machines,  consequently  the  strength  of  the  dominating 
current  is  proportional  to  (e  —  c')". 

The  work  required  by  the  current  producing  machine  is  then 
(c — c'y  c  ky  and  the  work  produced  by  the  work  producing 
machine  (c--c')l'  c'  k,  in  which  k  represents  a  con- 
stant dependent  on  the  construction  of  the  machines  and  the 
conductive  resistance  of  the  whole  circuit.  The  calculation  by 
maxima  then  gives,  that  the  maximum  of  working  effect  occurs, 

when  c'=  — ,  whence  it  simultaneously  follows,  that  by  using  the 

maximum  of  work  only  i  of  the  energy  employed  is  utilized.  On 
the  other  hand,  however,  the  proportion  of  the  expended  to  the 

produced  work  ^  i^T"^  jLA_^  =      which  means  that  the  work  made 

available  increases  proportionately  to  the  velocity  of  rotation. 
The  question  what  proportion  of  the  work  employed  by  electric 
transmission  of  power  is  available  is  consequently  only- to  be 
answered  thereby,  that  the  loss  of  energy  is  so  much  less  the  more 
quickly  the  machine  revolves,  and  that  it  would  be  equal  to  ssero, 
if  it  could  be  turned  infinitely  quickly.  It  further  follows  from 
the  formula,  that  the  pulling  force  of  the  working  machine  rises 
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ill  a  much  greater  ratio  than  the  difference  of  Telocity  of  the  two 
machines,  whence  directly  follows  the  small  dependence  of  the 
starting  velocity  of  the  locomotive  on  the  load  to  be  moved,  and 
the  great  force  of  the  first  poll.  It  mnst  be  here  remarked  that 
the  above  calculation  does  not  take  into  consideration  the  internal 
Iriction  of  the  machines,  nor  the  variable  resistance  of  the  sliding 
contact,  etc.  which  in  some  cases  are  of  considerable  importance. 

Although  many  constructive  difficulties  have  still  to  be  over- 
come, and  many  inventions  have  to  be  made,  before  electric  trans- 
mission in  general,  and  electric  railways  or  better  tramways  in 
particular  can  be  brought  into  practical  use  on  a  large  scale,  the 
Hrst  results  obtained  must  be  considered  as  very  satisfactory  and 
promising.  Under  favourable  conditions  they  can  already  in  their 
present  condition  of  progress  be  of  good  service.  The  application 
of  strong  electric  currents,  as  they  can  now  be  produced  by  the 
use  of  energy,  to  chemical  and  metallurgical  purposes  has  hitherto 
been  much  less  developed.  The  application  has  hitherto  been 
altogether  limited  to  the  galvanic  purification  of  copper  and  its 
separation  from  gold  and  silver.  And  yet  just  for  these  purposes,  the 
electric  current  should  produce  the  greatest  results,  and  be  of  the 
greatest  service  to  mankind.  The  wide  and  promising  territory 
of  electrolysis  of  molten  conductors  is  technically  quite  uncul- 
tivated, and  neither  scientific  nor  technical  chemistiy  has  hitherto 
properly  honoured  the  analytical  and  synthetical  power  of  the 
current.  By  employing  energy  with  the  help  of  the  electric 
current,  the  closest  chemical  combinations  can  be  decomposed, 
and  the  elementaiy  bodies  changed  into  other  conditions  and 
combinations  in  which  the  energy  consumed  is  as  it  were  laid  up. 
The  heat  of  combination  of  the  water  galvanically  broken  up  into 
its  elements  represents  the  equivalent  of  the  work  consumed  in  the 
process.  It  is  very  probable  that  science  of  the  future  will  learn 
to  produce  more  easily  handled  fuel  such  as  hydrogen  by  the 
consumption  of  work  with  the  help  of  the  electric  current.  Even 
the  further  step  is  not  impossible  of  the  production  of  food  from 
fuel.  There  is  no  bolder  fiight  of  the  imagination  than  to  picture 
a  future,  in  which  mankind  employ  with  the  aid  of  the  electric 
current  the  energy  which  the  sun's  rays  convey  to  the  earth  in 
unmeasured  amount,  and  which  are  available  for  direct  disposal 
partly  in  wind  and  water-falls  for  the  production  of  all  necessary 
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fuel,  and  which  learns  to  do  without  disadvantage  without  the 
coal  fields  so  carefully  stored  bj  nature  for  its  youth. 


ELECTRIC   HAMMER.* 

The  electric  hammer  has  for  its  object  the  employment  of  the 
electric  currents  generated  by  batteries  or  machines  as  a  driving 
force  for  the  production  of  a  forward  and  backward  motion,  which 
can  be  applied  to  the  most  varied  mechanical  purposes. 

The  apparatus  which  is  shewn  in  the  accompanying  figure  165, 
consists  essentially  of  a  system  of  coils  of  wire  A,  B,  C,  inside  of 
which  a  solid  or  hollow  rod  of  iron  or  soft  steel  NS  can  be  moved 
in  the  direction  of  the  axis  of  the  coils. 

The  middle  coil  is  traversed  by  a  constant  acting  continuous 
current,  the  purpose  of  which  is  to  magnetize  the  rod  NS. 

The  outer  coils,  A  and  C,  which  are  wound  with  wire  in  the  same 
direction,  are  on  the  contrary  connected  with  an  alternate  current 
machine,  or  with  a  battery  arranged  for  the  prodaction  of  alternate 
currents.  By  the  action  of  the  alternate  currents  traversing 
the  coils  A  and  C,  the  magnetized  rod  NS  is  moved  backwards 
and  forwards,  for  the  currents  alternating  in  their  direction  work 
upon  it  alternately  attractively  and  repulsively. 

The  backward  and  forward  motion  thus  produced,  if  currents  of 
considerable  strength  are  used,  such  for  instance  as  produced  by 
our  dynamo-electric  machines  serving  for  lighting  purposes,  is  so 
powerful,  that  it  is  available  in  the  most  manifold  manner  for  the 
production  of  work,  and  can  be  used,  for  instance,  as  a  forge 
hammer  or  rock  drill. 

In  the  drawing  the  construction  of  the  apparatus  is  shewn  in 
section  serving  for  both  these  purposes. 

The  hollow  iron  or  steel  rod  NS  does  not  fill  up  the  whole  of 
the  hollow  space  formed  in  the  interior  of  the  coils  A,  B,  C  ;  it  is 
rather  shortened  corresponding  to  the  stroke  which  it  has  to  make. 

*  (German  Patent,  No,  9469,  of  22  October,  1879.) 
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To  maintain  it  in  its  central  position,  gniding  pieces  D  and  E  are 
attached  to  its  two  ends  (which  should  not  be  made  of  iron  or 


steel)  of  which  one  serves  to  carry  the  hammer  or  drill  H,  whilst 
the  other  has  an  arrangement  which  effects  the  necessaiy  rotation 
about  the  axis  for  drilling  purposes. 


WERNER    VON   SIEMENS.  4II 

This  arrangement  consists  of  a  toothed  wheel  r,  which  is  placed 
revolvable  in  the  guiding  plate  F.  Through  a  rectangular  hole 
in  the  middle  of  the  wheel  r  the  guiding  rod  D  passes,  which  is 
also  rectangular,  and  is  so  twisted  that  it  forms  a  long  drawn 
screw  thread,  or  rather  a  part  of  one.  The  wheel  r  is  slightly 
revolvable  in  one  direction,  whilst  in  the  other  direction  of  rota- 
tion it  is  held  fixed  by  the  pawls  88.  If  the  rod  NS  rises,  the 
wheel  r  is  turned  bj  the  screw  shaped  part  D,  whilst  through  a 
certain  angle  during  the  fall  the  wheel  r  is  maintained  fixed  by 
the  pawls  88^  whereby  the  rod  D  is  revolved  as  regards  its  axis. 

In  this  way  the  rod  is  turned  somewhat  by  each  forward  and 
backward  motion,  and  so  that  after  10  or  20  strokes  a  full  revolu- 
tion of  the  axis  takes  place. 

The  apparatus  according  to  its  purpose  is  fixed  in  a  frame  in  a 
suitable  manner.  In  the  application  of  the  electric  hammer  to 
stone  drilling  or  similar  objects  in  which  a  sinking  down  of  the 
oscillating  iron  rod  occurs,  we  fix  the  connected  three  coils  to 
the  frame  by  powerful  friction,  and  provide  the  rod  with  a  stop  u 
at  a  suitable  point  If  the  drill  H  strikes  the  rock,  the  friction 
at  FF  holds  the  coils  firm  in  their  place  between  the  rods  T.  But 
if  the  bore  hole  is  so  deep  that  the  stop  u  strikes  the  upper  metal 
plate  of  the  coil  system,  before  striking  the  rock,  the  blow  effects 
the  pushing  forward  of  the  latter.  The  iron  rod  must  therefore 
always  maintain  the  same  relative  position  in  the  coils. 

To  limit  the  upward  stroke  and  to  apply  its  work  to  increase  the 
downward  motion  of  the  hammer,  there  is  placed  under  the 
guiding  plate  F,  a  spiral  spring  /  formed  neither  of  iron  or  steel, 
which  acts  against  this  as  an  elastic  buffer. 

The  apparatus  can  work  as  desired  in  any  position  perpendi- 
cularly or  horizontally  inclined  above  or  below,  and  only  the  frame 
which  carries  it  and  spiral  spring  f,  described,  must  be  suitably 
arranged. 

The  drawing  shews  the  arrangement  in  such  a  way  that  for 
producing  the  direct  current  the  middle  wire  coil  B  is  connected 
to  one  of  our  dynamo-electric  machines  6,  for  the  production  of 
the  alternate  current,  one  of  our  alternating  current  machines  W 
to  the  wire  coils  A  and  C.  The  machine  G  serves  simultaneously 
as  an  exciter  for  the  machine  W,  and  both  are  set  in  motion  by 
any  form  of  motor. 
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The  hainiuer  or  drill  can  be  set  np  at  a  point  distant  from 
where  the  current  is  generated,  and  then  the  electric  conducting 
wires,  which  lead  from  the  current  generating  machines  to  the 
electric  hammer,  must  be  of  a  section  corresponding  to  the  length 
of  the  conductor. 

'  Patent  claims.  1.  The  combination  of  direct  and  alternating 
currents  to  bring  about  powerful  oscillating  motions  of  an  iron  or 
steel  rod,  by  the  application  of  three  coils  of  wire,  through  the 
middle  one  of  which  a  direct  current  passes,  and  through  the  two 
outer  ones  alternating  currents. 

2.  In  the  case  of  rock  drilling  connecting  the  apparatus  to  its 
frame  bj  friction  and  moving  it  forward  by  blows  of  the  drilling 
rod  when  the  rock  is  no  longer  struck  first  by  the  drill. 


ON  THE  DTNAMO-ELECTRIC  MACHINE  AND  ITS 
APPLICATION  FOR  WORKING  ELECTRIC 
RAILWAYS.* 

Gentlemen, — When  formerly  a  problem  was  proposed  to  the 
electrical  engineer,  in  which  electricity  had  to  perform  heavy  work, 
he  was  accustomed  to  say,  electricity  performs  no  manual  labour, 
it  is  intended  for  fine  work  ;  it  commands,  directs,  it  Eets  forces  in 
and  out  of  action,  but  to  do  hard  work  is  not  its  business.  In 
recent  times  this  has  been  entirely  altered.  The  dynamo-electric 
machine  now  serves  us  for  the  cheap  production  of  electric  currents 
of  any  desired  strength.  Electricity  can  therefore  now  enter  into 
the  list  of  hard  working  forces. 

As  the  formation  of  the  Electro-technical  Society  coincides 
approximately  with  the  period  of  the  perfect  practical  production 
of  the  dynamo-electric  machine  the  managing  committee  thoiight 
it  fit,  that  at  the  first  meeting  of  the  society  an  address  should 
first  be  given  on  the  dynamo-electric  machine,  and  on  a  proposal, 
which  I  made  already  long  ago,  and  which  is  already  known  to 
you  all  through  the  Berlin  Industrial  Exhibition,  the  proposal  to 

♦  (Address  to  the  Elektrotech.  Verein,  27th  January,  1880.) 
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use  electricity  for  the  prcipnlsion  of  vehicles  or  for  working 
electrical  railways. 

It  is  well  for  me  to  begin  by  explaining  to  you  why  formerly 
we  were  not  in  the  position  to  produce  powerful  effects  with  the 
electric  current.  We  had  indeed  galvanic  cells  or  batteries,  we 
could  enlarge  them  at  will,  and  the  belief  that  we  should  succeed, 
with  their  help,  in  producing  electric  motors  which  could  compete 
with  steam  engines  did  not  appear  unfounded.  As  is  known  the 
German  Diet  had  already  offered  a  premium  to  the  person  who 
should  produce  the  first  serviceable  electric  locomotive.  Professor 
Jacobi  in  St.  Petersburg  and  Page  in  America  especially  have 
deeply  interested  themselves  in  the  matter.  The  first  has  ti-a veiled 
on  the  Neva  in  a  boat  driven  by  electricity  ;  he  however  himself 
explained  on  the  completion  of  his  experiments,  that  electricity 
was  not  suitable  for  the  performance  of  heavy  work,  as  it  was  too 
costly,  and  as  besides  many  other  technical  difficulties  apparently 
insurmountable  to  him  opposed  the  solution  of  the  problem. 

That  the  work  of  the  current  of  the  galvanic  battery  must  be 
disproportionately  costly  follows  from  the  consideration  that  in 
the  galvanic  battery  zinc  is  burnt  in  oxidizing  acids.  This  is, 
however,  a  disproportionately  more  expensive  fuel  than  coal,  which 
bums  in  the  oxygen  of  the  air.  Moreover  the  galvanic  battery 
consists  of  metals  and  liquids,  and  the  galvanic  resistance  of  liquids 
is  extraordinarily  great.  Galvanic  batteries  must  therefore  be  of 
very  large  dimensions  if  they  are  to  be  of  small  resistance.  Small 
resistance  of  the  circuit  is,  however,  an  absolute  requisite  for  the 
efficiency  of  electric  motors  ;  for  othei-wise  the  electricity  is  in 
great  part  converted  into  heat  in  the  conductors  and  not  into 
work. 

Another  source  of  electric  currents  is  thermo-electricity.  This 
electric  force  discovered  by  Seebeck  of  Berlin  is  often  used  for  the 
production  of  weak  currents,  which  serve  to  measure  very  slight 
differences  of  temperature  and  for  similar  purposes.  Recently  it 
has  been  attempted  to  build  thermo-batteries  of  very  large 
dimensions,  and  indeed  very  considerable  currents  have  been 
produced  from  them.  Unfortunately,  however,  the  metals  which 
form  good  thermo-electric  elements  are  very  bad  conductors  of 
electricity,  and  thermic  batteries  have  therefore  great  resistance  if 
they  are  not  of  very  large  cross-section.    But  even  in  that  cage 
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also  the  heat  is  carried  quickly  from  the  heated  to  the  cooled 
junctions,  thus  causing  a  great  loss  of  heat.  Besides,Uarge  thermo- 
batteries  arranged  for  strong  currents  have  not  hitherto  proved  to 
be  constant. 

The  third  method  of  producing  the  electric  current  consists  in 
the  application  of  the  induction  discovered  by  Faraday,  May  1  be 
permitted  for  the  better  explanation  of  what  follows  to  say  a  few 
words  about  the  nature  of  induction. 

Consider  two  closed  circuits,  for  instance  two  wires  the  begin- 
nings and  ends  of  which  are  joined,  of  which  one  is  travereed 
continually  by  an  electric  current.  If  now  two  parallel  parts  of 
these  circuits  are  approached  to  one  another,  a  current  appears  in 
the  currentless  conductor  during  the  approach  which  is  oppositely 
directed  to  the  current  existing  in  the  other,  and  which  continues 
as  long  as  the  motion  of  approach.  If  the  circuits  are  then  again 
removed  from  one  another,  an  equally  strong  current  appears  in  the 
currentless  conductor  but  of  opposite  direction  and  therefore  in  the 
same  direction  as  the  primary  current.  A  similar  efiPect  is  produced 
when  one  approaches  or  removes  two  parallel  portions  of  the  same 
conductor  traversed  by  a  continuous  current.  In  the  first  case  an  in- 
crease, in  the  second  a  reduction  of  the  current  takes  place.  As 
similarly  directed  currents,  as  Ampere  shewed,  attract  one  another, 
whilst  opposite  ones  repel,  it  is  possible  from  two  such  moving  por- 
tions of  a  circuit  to  form  an  independent  moving  electro-magnet,  or 
here  better  electro-dynamic  machine,  if  at  the  moment  of  the  greatest 
approach  or  removal  by  means  of  suitable  mechanism  such  as  a 
commutator,  the  ends  of  the  moving  portion  of  the  circuit  are 
exchanged,  and  therefore  the  direction  of  the  traversing  current 
reversed.  Then  as  well  on  the  approach  as  on  the  removal  of  the 
circuits  work  is  done  in  the  same  direction  by  the  electric  current, 
but  there  also  occurs  in  both  cases  a  diminution  of  the  existing 
current  corresponding  to  iU  This  phenomenon  occurs  in  an 
increased  degree  if  the  two  portions  of  the  circuit  are  wound 
round  an  iron  core,  and  the  poles  of  the  electro-magnets  thus 
formed  are  allowed  to  approach  each  other  attractively  or  to  recede 
from  one  another  repulsively.  Such  an  electro-magnetic  machine 
moves  and  furnishes  work,  but  causes  at  the  same  time  a  weakening 
of  the  working  current  reducing  its  performance,  which  traverses 
the  windings  of  the  electro-magnet.    The  same  thing  takes  place 
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if  steel  magnets  are  nsed  in  place  of  electro-magnets  round  which 
continuous  non-commuted  currents  circulate.  With  such  machines 
there  also  occurs  a  reduction  of  the  electric  current  traversing 
the  moving  electro-magnet  equivalent  to  the  work  done.  If 
such  an  electro-magnet  machine  with  steel  magnets  instead  of  fixed 
electro-magnetSy  in  the  windings  of  which  no  current  circulates,  is 
rotated  by  some  other  force  in  the  opposite  direction  to  that  in 
which  it  is  moved  by  an  electric  current,  the  direction  of  the  induced 
current  is  also  reversed,  a  series  of  short  induced  currents  of 
similar  direction  are  therefore  induced  in  the  surrounding  wires 
which  must  however  be  opposite  in  direction  to  that  which 
a  current  must  have,  which  should  itself  set  the  machine  in 
motion.  Such  so-called  magneto-electric  current  generators,  soon 
after  Faraday  had  discovered  induction  were  constructed  and 
much  used  by  Pixii,  Clarke,  Stohrer  and  others.  They  were 
afterwards  improved  by  the  Alliance  Company,  by  myself  and  by 
Wilde,  so  that  they  generated  currents  of  such  strength,  that  they 
could  be  used  for  the  production  of  electric  light.  These  magneto- 
electric  current  generators  have  unfortunately  several  decided 
defects,  which  render  them  unserviceable  for  the  safe  production 
of  very  strong  currents.  In  the  first  place  steel  magnetism  is  very 
much  weaker  than  the  magnetism  which  electro-magnets  of  the 
same  size  can  produce ;  further  steel  magnetism  increases  in  a 
much  less  degree  than  the  mass  of  the  steel  used,  and  finally  steel 
magnetism  especially  in  large  and  powerful  magnets  is  but  slightly 
constant  and  is  lost  for  the  greatest  part  with  time.  Finally  the 
great  mass  of  steel,  which  must  be  used  in  such  powerful  current 
generators  necessitates  a  large  size  of  machine,  and  consequently 
large  or  a  large  number  of  electro-magnets,  which  again  necessitate 
a  great  length  of  surrounding  wire  and  consequently  a  great 
internal  resistance  of  the  machine.  This,  however,  results  in  a 
great  part  of  the  energy  of  the  currents  being  converted  into  heat 
instead  of  work.  On  all  these  grounds  the  magneto-electric 
machine  is  neither  suitable  for  the  performance  of  much  work,  nor 
for  the  production  of  strong  currents. 

This  was  the  state  of  afiairs,  when,  in  1866,  the  idea  occurred  to 
me  that  an  electro-magnetic  machine  rotated  in  the  opposite 
direction  to  that  in  which  it  was  moved  by  a  current  traversing  it, 
must  produce  a  strengthening  of  this  current.    The  idea  lay  close 
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to  hand,  as  Jacobi  had  already  shewn,  that  in  every  electio- 
magnetio  machine  worked  by  a  cnrrcnt,  an  opposing  corrent  most 
arise  which  weakens  the  working  corrent,  and  becanse,  as  above 
argned,  the  reversed  motion  must  reverse  the  direction  of  this 
weaker  induced  current.  In  fact  my  supposition  was  not  only 
confirmed,  but  it  became  apparent,  that  the  magnetism  remaining 
behind  in  the  softest  iron  already  sufficed  to  bring  abont  the 
strengthening  process  of  the  exceedingly  weak  current  produced 
by  it.  Already  after  a  few  quick  revolutions,  the  current  travers- 
ing the  windings  of  a  properly  arranged  dynamo-electric  machine 
becomes  so  strong  that  the  velocity  of  rotation  must  be  diminished 
or  external  resistances  or  opposing  forces  must  be  inserted,  in 
order  to  prevent  the  destruction  of  the  machine  by  overheating. 

In  my  communication  to  the  Academy  of  Sciences  of  this 
place  on  the  17th  January,  1867,  on  this  new  method  of  produc- 
ing currents,  I  proposed  for  it  the  name  of  dynamo  electric  or 
dynamo  machine,  to  express  thereby  that  existing  permanent 
magnetism  was  not  required  in  it  as  in  magneto-electric  machines 
for  the  generation  of  current,  but  that  in  it  work  was  directly 
changed  into  electric  current,  so  that  the  magnetism  produced  only 
appeared  as  it  were  as  a  secondary  product. 

Already  after  the  first  satisfactory  results  I  recognized  and  also 
stated  in  my  communication  to  the  Academy,  that  by  means  of 
this  new  source,  new  extensive  technical  fields  were  opened  up 
for  the  application  of  the  electric  current.  In  fact  the  dynamo- 
electric  principle  enabled  us  to  produce  machines  of  comparatively 
small  dimensions,  which  by  means  of  the  work  employed  enabled 
us  to  produce  currents  of  any  strength  and  directly  to  employ 
them  in  the  Arts,  or  by  means  of  analogous  machines  to  again 
transform  them  into  work. 

A  dynamo-electric  machine  according  to  this  is  nothing  more 
than  a  properly  constructed  electro-magnetic  machine  revolved  in 
the  opposite  direction,  %,e.  opposite  to  the  direction  in  which  it 
moves  of  itself  by  a  current  traversing  it. 

The  great  plans  I  formed  already  at  that  time  as  regards  this 
new  bom  child — as  one  is  accustomed  to  do  in  the  first  delight — 
were  not  yet,  however,  capable  of  realisation.  Already  at  that  time 
I  thought  of  an  electric  railway  through  Berlin,  to  reduce  the 
traffic  in  the  streets.    The  dynamo-electric  machine  was  however 
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not  yet  ready^  and  had  first  to  get  over  its  diseases  of  childhood. 
As  sach  appeared  a  new  phenomenon,  the  heating  of  the  iron  by  the 
rapid  alternation  of  the  magnetic  polarity.  The  molecules  of  iron 
will  not  turn  quickly  enough,  and  it  needed  for  this,  internal  work 
to  be  employed,  which  made  its  appearance  as  heating  of  the  iron. 
The  powerful  machines  which  I  had  prepared  for  the  production  of 
the  electric  light,  had  on  this  account  to  be  cooled  with  water^  as 
the  magnets  and  wires  otherwise  became  too  hot. 

Then  two  inventions  came  to  our  help,  which  have  much  for- 
warded the  matter.  In  the  first  place  the  Italian  scientist 
Pacinotti  invented  what  is  called  after  him  the  Pacinotti  ring. 
This  is  a  surrounded  iron  ring,  or  in  other  words  an  iron  bar,  bent 
into  the  shape  of  a  ring  and  wound  with  insulated  wire.  If  such 
a  ring  is  placed  between  the  poles  of  an  electro-magnet  in  such  a 
manner  that  the  plane  of  the  ring  lies  between  the  concave  polar 
surfaces,  and  it  is  then  turned  on  its  axis,  constant  currents  are 
produced  in  the  windings  of  the  two  half  rings,  which  mutuaUy 
destroy  one  another,  when  no  leading  away  takes  place.  But  if 
such  .a  leading  away  takes  place  by  means  of  sliding  springs, 
which  stand  opposite  to  one  another  perpendicular  to  the  line 
of  connection  of  the  poles,  and  come  in  conductive  connection  one 
after  another  with  the  divisions  of  the  surrounding  wires  closed 
on  one  another,  the  currents  of  the  two  half  rings  combine  into  a 
single  constant  current,  which  traverses  the  lead  off  or  shunt. 

Through  the  Pacinotti  ring  we  obtained  a  means  of  producing 
an  induced  current  without  change  of  polarity  of  the  iron,  and 
could  consequently  obviate  its  heating. 

Oramme  of  Paris  had  the  great  merit  of  having  first  applied 
my  dynamo-electric  principle  to  the  Pacinotti  ring,  and  of  having 
thus  first  produced  a  practically  serviceable  current  generator  for 
strong  currents.  One  of  the  chief  engineers  of  my  firm,  Mr. 
von  Hefner  Alteneck,  very  shortly  afterwards  solved  this  problem 
in  a  quite  different  and  yet  more  satisfactory  manner.  In  order 
to  m^e  this  comprehensible,  I  must  first  explain  that  the  portion 
of  the  surrounding  wire  lying  inside  the  Pacinotti  ring, 
produces  really  no  inductive  action  ;  consequently  nearly  half  the 
wire  of  the  Pacinotti  ring  is  lost  for  actual  working.  Von 
Heftier  Alteneck,  however,  uses  in  place  of  the  ring,  a  complete 
cylinder,  and  surrounded  it  only  outside  parallel  with  the  axis 
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with  insulated  wire.  By  an  ingenions  method  of  connection  he 
has  arranged  that  when  the  cylinder  rotates  on  its  axis  between 
the  poles  of  a  magnet,  cnrrents  similar  in  direction  to  those  in  the 
Qramme  machine  arise  in  the  conductor  connecting  the  spring 
contacts.  The  advantage  arising  from  this  constmction  is 
evident,  namely,  that  with  it  no  inner  wires  exist,  which  are  not 
subject  to  induction.  Von  Hefner's  machine  has  consequently 
less  internal  resistance  with  equal  E.  M.  F.,  which  is  of 
considerable  importance,  and  gives  it  especially  for  transmission 
of  power  an  advantage  over  the  Gramme  machine. 

These  are  the  two  machines  on  which  the  extension  of  the 
service  of  electric  engineering  depends.  There  are  certainly 
many  other  constructions  of  dynamo-electric  machines — ^in 
America  alone  a  great  number  are  patented — ^but  all  these  are 
imitations  or  unimportant  modifications  of  the  two  above 
mentioned,  the  Gramme  and  the  Von  Hefner  machines. 

The  most  extensive  application  which  the  dynamo-electric 
machine  has  yet  found  is  to  the  production  of  electric  light.  This 
will  probably  be  described  at  an  early  meeting  of  the  Society. 
I  will  therefore  here  limit  myself  to  the  transmission  of  power  and 
especially  to  the  transmission  of  power  in  its  application  to  the 
carrying  of  loads  with  the  help  of  electricity. 

As  I  have  already  explained,  the  dynamo-electric  is  nothing 
more  than  a  properly  arranged  reverse  acting  electro-magnetic 
machine.  When  you  therefore  allow  the  current  of  a  dynamo- 
electric  machine  to  pass  through  the  windings  of  an  exactly 
similar  one,  this  must  revolve,  and  it  must  revolve  in  exactly 
opposite  direction  to  the  first.  We  must  now  consider  what  forces 
make  their  appearance,  and  what  actions  follow.  The  driven 
dynamo-electric  machine  acts  then  as  an  electro-magnetic  one, 
and  has  the  property  of  all  electro-magnetic  machines,  of  pro- 
ducing an  opposing  current,  which  has  the  tendency  to  weaJcen 
the  current  of  the  current-producing  machine. 

If  we  now  assume  two  quite  equal,  resistanceless  dynamo- 
electric  machines  connected  together,  and  turn  the  one  in  the 
direction  necessary  for  the  production  of  the  current,  then  the 
other  would  rotate  in  the  opposite  direction.  As  it  has  no 
resistance  to  overcome,  its  velocity  of  rotation  must  increase, 
until  the  opposing  current,  which  it  produces,  is  exactly  as  strong 
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as  the  current  of  the  machine  which  sets  it  in  motion.  Then 
equilibrium  would  take  place,  no  more  cuirent  would  pass  through 
the  conductor,  and  from  neither  one  nor  the  other  machine  would 
work  be  produced  or  performed.  But  when  you  load  the  driven 
machine  you  thereby  diminish  first  of  all  its  velocity  ;  as  soon  as 
the  velocity  diminishes,  the  opposing  current  thereby  produced  is 
also  diminished  ;  the  conductor  and  machines  must  consequently 
now  be  traversed  by  a  current  which  corresponds  to  the  difference 
of  the  velocity  of  rotation  of  both  machines. 

This  excess  of  current  causes  the  current  generating  machine 
to  offer  resistance  to  the  revolution,  therefore  it  consumes  work, 
and  on  the  other  hand  makes  the  driven  machine  perform  work 
corresponding  to  the  strength  of  current  and  the  velocity  of 
rotation. 

I  have  published  calculations  on  this  matter  in  another  place  ; 
it  would  lead  us  too  far  to  develop  this.  You  see,  however, 
already  from  the  above  theory,  that  the  quicker  the  two 
machines  run,  the  greater  is  the  work  which  a  current  of  a  certain 
strength  which  traverses  the  conductor,  produces,  and  the  greater 
on  the  other  hand  naturally  also  the  work,  which  is  necessary  to 
produce  the  current.  One  can  therefore  increase  the  work  to  be 
transferred  through  two  machines  by  increasing  the  velocity  of 
rotation  to  an  almost  unlimited  extent,  at  least  to  the  limit  of 
velocity  which  may  be  permitted  as  practicable.  It  also  follows 
from  this  consideration  that  a  determined  work  can  be  obtained 
by  a  greater  velocity  through  a  weaker  current,  consequently  by 
a  smaller  difference  of  velocity  of  both  machines.  As  now  the 
loss  of  work  in  the  transmission  of  power,  setting  aside  friction 
and  the  loss  of  current  through  heating  the  conductor  is  to  be 
expressed  by  difference  of  velocity,  it  hejice  also  follows^  that  the 
work  will  be  transferred  all  the  more  perfectly  the  greater  is  the 
velocity  of  rotation  of  the  machine.  The  question  how  great  the 
loss  of  force  is  with  electric  transmission  of  energy,  cannot 
therefore  be  answered  positively.  It  is  smaller  the  more 
powerful  the  machine,  and  the  greater  their  velocity  of  rotation. 
But  if  the  question  is  asked,  With  what  difference  of  velocity  of 
the  driven  machine  is  the  transmitted  work  with  a  constant 
velocity  of  the  current  producer  a  maximum  ?  calculation  answers, 
that  this  with  perfect  dynamo-electric  machines  would  be  the 
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case  at  half  the  velocity  of  rotation  of  the  driven  one.  By  a 
perfect  dynamo-electric  machine,  I  here  understand  such  a  one,  in 
which  the  masses  of  iron  are  so  great,  that  the  magnetism 
increases  proportionately  to  the  strength  of  current  in  the 
surrounding  ^ires,  and  in  which  no  further  disturbances  occur. 
On  this  supposition  the  work  of  a  dynamo  machine  must  increase 
as  the  cube  of  the  velocity  of  rotation.  This  follows  from  the 
consideration,  that  the  resistance  to  be  overcome  during  rotation 
must  be  proportional  to  the  strength  of  the  magnetism  and  to 
the  velocity  with  which  the  current  conductors  are  moved  past 
the  poles.  As  the  strength  of  the  induced  current  is  also 
proportional  to  this  velocity,  and  from  the  above  the  strength  of 
the  magnetism  produced  by  the  current  is  consequently  also 
proportional  to  the  strength  of  the  current,  therefore  also  to  the 
speed,  the  resistance  to  be  overcome  during  rotation  is  proportional 
to  the  square  of  the  velocity  of  rotation.  The  work  required  to 
overcome  this  resistance,  is,  however,  in  its  turn  the  product  of 
the  resistance  into  the  velocity  with  which  it  must  be  overcome. 
Therefore  the  work  which  the  revolution  of  a  dynamo-machine 
closed  on  itself  continues,  must  be  proportional  to  the  third  power 
of  the  velocity  of  rotation. 

Experiments,  however,  teach  that  this  is  not  so ;  the  increase 
of  the  work  proceeds  much  more  slowly.  There  are  various 
grounds  for  this.  In  the  first  place  the  resistance  of  the  sliding 
contacts  increases  on  account  of  the  roughness  of  the  surfaces 
with  increasing  velocity.  Then  the  position  of  the  commutator  is 
of  great  importance.  If  the  current  traversing  the  windings  is 
strong,  there  are  two  forces,  which  determine  the  position  of  the 
magnet  poles.  One  is  the  magnetism  of  the  fixed  electro-magnet, 
the  second  the  magnetizing  force  of  the  windings,  which  is 
exerted  to  place  the  magnetic  axis  perpendicular  to  its  plane. 
There  hence  results  a  displacement  of  the  position  of  the  magnet 
pole  in  the  direction  of  rotation,  or  in  other  words  :  I  must  place 
the  sliding  position  not  perpendicular  to  the  connecting  line  of 
the  poles  of  the  fixed  magnets,  but  I  must  displace  it  in  the 
direction  of  motion.  The  velocity  of  rotation  has  the  same 
influence  for  its  part.  This  has  indeed  a  remarkably  strong 
influence,  which  seems  to  indicate  that  the  velocity  with  which 
the  magnetism  in  the  iron  moves  forward  is  not  unlimited. 
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These  canseB,  to  which  may  be  added  perhaps  others  not  yet 
known,  have  the  effect,  as  experiments  teach,  that  the  work 
which  the  rotation  requires,  does  not  increase  as  the  cube  of  the 
velocity  of  rotation,  but  in  a  much  less  degree.  If  the  first 
supposition  were  correct,  then  as  already  said  a  dynamo-electric 
machine  which  drives  an  electro-magnetic  one  would  produce  work 
in  this,  which  would  be  greatest  if  the  velocity  of  the  driven 
machines  were  reduced  to  a  third.  With  the  magneto-electric 
machine  the  same  calculation  shows  that  the  maximum  of  work 
takes  place  with  a  reduction  to  half  velocity,  the  maximum  of  work 
well  understood,  which  a  machine  of  determined  size  can  render 
not  the  maximum  of  transmissibility  of  work  which  depends  on 
the  slightest  reduction  of  velocity. 

From  the  numerous  experiments  we  have  recently  made  on  the 
transmission  of  power,  it  follows,  that  with  a  proper  velocity  of 
rotation  about  forty-five  to  fifty  per  cent,  of  the  work  is 
transmitted  as  useful  work.  With  a  quicker  rotation  this 
useful  work  Sa  raised  to  sixty  per  cent,  of  the  work  employed, 
therefore  of  100  horse-power  with  which  the  current  generating 
dynamo  machine  is  driven,  sixty  horse-power  would  be  given  up 
again  by  the  electro-magnetic  machine. 

According  to  my  opinion,  the  question  what  percentage  of  the 
work  can  be  electrically  transmitted  is  not  thereby  settled ;  that 
is  only  a  question  of  construction  and  velocity.  Large  machines 
driven  at  high  speed  will  always  have  a  higher  efiiciency  than 
smaller  machines  at  a  lower  velocity,  and  I  calculate  pretty 
certainly  therefrom  that  one  will  arrive  at  70  per  cent.,  and  even 
higher  percentages  of  transmission  of  power. 

At  all  events  the  calculation  given  by  a  French  scientist  that 
50  per  cent,  would  be  the  maximum  which  theoretically  could  be 
transmitted  is  incorrect.  This  is  proved  by  the  table  of 
experiments  shewn. 

If  one  now  says:  Yes,  but  50  percent,  loss  is  very  large,  I. 
can  only  concede  it  conditionally.  If  one  considers  that  the 
transmitter,  therefore  the  working  motor  in  this  case  is  fixed  and 
can  be  made  as  heavy  and  large  as  appears  advantageous,  that  it 
can  therefore  be  provided  with  as  good  boilers  and  heating  as  is 
necessary  to  obtain  the  greatest  efficiency  from  the  fuel,  that  this 
is  not  however  possible  with  small  engines,  and  especially  with 
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locomotives,  it  follows  that  electric  working  even  with  50  per 
cent,  of  loss  is  not  less  economical  than  working  with 
locomotives.  The  expense  of  firing  a  locomotive,  as  I  am  assured 
by  many  competent  authorities,  is  always  at  least  twice  as  great  as 
that  of  a  good  large  stationary  steam  engine  with  large  expansion 
and  good  boilers.  I  see  my  friend  Schwartzkopff  shakes  his  head ; 
it  may  be  that  I  have  gone  too  far  in  this  statement,  but  I  cannot 
have  made  any  great  error. 

If  one  however  assumes  this  as  correct,  then  electric  transmission 
by  a  large  fixed  machine,  even  with  50  per  cent,  of  efficiency,  would 
not  cause  a  greater  consumption  of  fuel  than  a  locomotive  on  rails 
with  an  equal  performance  of  work.  That,  however,  in  my  opinion 
is  not  so  very  essential.  On  the  great  lines  of  communication, 
on  which  our  whole  mode  of  life  now  depends,  on  the  great  rail- 
ways, electricity  will  not  compete  with  the  steam  locomotive  just 
as  little  as  the  electric  light  in  my  opinion  will  completely  drive 
out  gas  notwithstanding  all  American  bragging.  Electricity  has 
quite  its  own  sphere,  both  as  regards  lighting  and  transmission  of 
power  ;  it  does  not  wish  to  supplant  or  put  down,  but  it  will  only 
take  upon  itself  such  province  as  is  badly  done  by  the  other 
existing  contrivances  that  have  been  tried.  For  instance  large 
spaces  will  be  lighted  by  electricity,  the  air  of  which  must  not 
be  heated  and  vitiated  by  a  quantity  of  gas  flames.  For  each 
gas  burner  produces  nearly  as  much  heat  and  vitiates  as  much 
air  as  a  dozen  persons.  And  so  arise  a  number  of  cases  where 
the  electric  light  will  give  the  most  useful  service  which  gaa 
cannot  furnish^ 

Electric  transmission  of  power  will  also  only  arise  in  cases  in 
which  mechanical  transmission  cannot  well  be  applied,  and  where 
there  is  no  place  for  the  steam  locomotive,  or  it  cannot  perform 
the  work.  Thus  it  is  of  great  importance  for  railway  construction 
to  be  able  to  overcome  steeper  gradients  with  the  trains  than 
hitherto.  Long  costly  tunnels  might  be  thus  quite  avoided  or 
shortened.  Increasing  the  power  of  locomotives  appears  to  have 
reached  the  uttermost  limit,  for  the  adhesion  of  the  wheels  is 
limited,  and  the  weight  of  the  locomotive  cannot  exceed  a 
certain  limit,  for  then  the  raising  of  its  own  load  forms  the 
greater  part  of  its  work.  Also  increasing  the  number  of  loco- 
motives cannot  assist  for  the  same  reason.     Electricity  would  here 
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be  able  to  render  usef  al  service,  because  it  is  practicable  with  its 
help,  to  divide  the  driving  power  itself  among  as  many  axles  of 
the  train  as  desired.  And  not  alone  in  the  ascent  but  also  as  a 
brake  in  the  descent  of  the  train  could  electricity  be  powerfully 
applied,  as  the  dynamo  machine  renders  equally  good  service  as 
well  for  the  production  as  the  destruction  of  energy. 

The  second  point  is  the  application  of  these  machines  on  light 
railways  at  the  working  places  in  mines,  in  tunnels,  in  the  depths 
of  shafts,  where  motors  are  placed  above  on  the  top  and  the 
working  trains  run  down  below.  Here  in  the  future  the  electric 
transmission  of  power  will  be  of  considerable  importance. 

A  third  application  is  the  working  of  elevated  railways.  We 
are  aware  that  the  elevated  railroad,  or  railway  on  columns,  is 
frequently  built  in  great  towns  ;  especially  in  New  York  it  is  already 
extensively  applied.  When  in  the  year  1867,  during  the  Paris 
Exhibition,  I  explained  to  an  engineer  of  elevated  railroads,  my 
plan  of  building  railways  upon  separate  columns  through  the  streets 
of  Berlin  and  working  them  electrically,  the  idea  rightly  appeared 
to  him  as  hardly  realizable.  But  now  after  the  Americans  have 
carried  it  out  in  practice,  since  there  both  heavy  locomotives  and 
full  trains  run  above  on  thC'  columns,  and  no  accident  has 
occurred,  the  matter  can  be  gone  into  with  full  confidence. 
For  my  part,  I  consider  it  an  absolute  necessity  as  regards  large 
towns,  to  have  a  second  line  of  communication  for  quick  trafBc 
besides  the  streets  for  carriages  and  foot  passengers.  You  see 
how  with  the  existing  traffic  our  more  crowded  streets  get  daily 
more  and  more  obstructed  ;  they  are  sometimes  hardly  passable, 
and  no  constable  can  alter  this.  How  will  this  be  after  10, 
20,  50  years  ?  Statistics  on  the  increase  of  traffic  authorize  us 
to  say  with  the  fullest  precision,  that  the  streets  will  in  the  near 
future  not  be  able  to  carry  it.  A  remedy  must  be  found,  if  life 
in  great  towns  depending  on  increasing  traffic  is  not  to  be 
crippled,  and  the  further  extension  of  the  chief  town  in  the 
country  is  not  to  be  completely  stopped.  A  new  line  of  com- 
munication must  therefore  be  provided  for  quick  passenger  and 
goods  traffic,  which  shall  not  hinder  the  street  traffic  or  be 
hindered  by  it.  For  this  purpose  we  are  to  have  now  the  city 
railway. 

But  this  only  opens  up  a  single  line  going  through  the  centre 
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of  Berlin.  The  inhabitants  living  in  its  neighbourhood  have 
certainly  the  advantage  of  being  able  to  travel  by  two 
routes ;  but  the  traffic  extends  in  all  directions.  The  city 
railway  can  in  fact  only  supply  a  ouensided  and  insufficient 
service  to  the  want  of  better  means  of  traffic.  In  order  to  satisfy 
ity  a  net  of  similar  railways  would  have  to  be  laid  throughout 
Berlin,  the  money  for  which  would  be  hardly  obtainable,  and 
which  would  occasion  tremendous  re-constructions,  and  would 
disfigure  the  town  itself  in'  the  greatest  degree. 

The  same  object  would  be  obtained  to  a  great  extent  much 
more  simply  if  from  all  stations  of  the  city  railway,  electric 
elevated  railways  were  built  north  and  south,  which  without 
stopping  street  traffic  would  bring  the  city  railway  in  communi- 
cation with  all  parts  of  Berlin,  then  indeed  all  Berlin  would  be 
opened  up  by  it. 

Another  very  useful  application  of  electric  traction  would  be 
the  construction  of  small  covered  railways  for  great  distances, 
which  would  do  the  same  for  great  distances  that  the  pneumatic 
post  has  done  on  a  small  scale,  and  for  instance  in  the  interior  of 
towns.  It  is  at  present,  as  all  gentlemen  connected  with  railway 
afl&irs  have  informed  me,  a  great  tax  on  railways,  that  they  must 
travel  frequently  and  quickly  only  on  account  of  the  postal  and 
especially  the  letter  traffic.  On  the  other  hand  it  is  of  the 
greatest  importance  for  letter  traffic,  which  is  still  the  basis  of  all 
traffic,  to  have  the  quickest  possible  communication  between  all 
plaoes  of  traffic  both  at  home  and  abroad.  The  pneumatic  post 
fnlfils  this  need  for  small  distances,  but  it  is  only  applicable  within 
very  narrow  limits.  Electrical  transmission  wiU  enter  here  in 
order  to  render  possible  a  quick  traffic  in  letters  also  for  great 
distances,  as  the  pneumatic  post  does  for  small  distances. 

Such  an  ''  electric  post  ^'  is  diagranmiatically  represented  in  Fig. 
166.  It  is  assumed  that  the  small  covered  line  supported  on  low 
iron  supports  s  is  carried  along  the  permanent  way.  If  crossings 
or  stations  have  to  be  traversed  this  is  either  done  by  sinking  the 
railway  in  covered  channels,  or  by  raising  it  to  the  required 
height.  To  the  supports  sleepers  half  a  metre  long  are  fixed. 
These  carry  the  sheet  iron  girders  h^  ^  which  are  also  half  a 
metre  high,  which  at  the  same  time  forms  the  sides  of  the 
iron  covered  line.    Between  these  girders,  light  wooden  beams 
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are  Sxed  at  suitable  diatanceB  by  angle  iron  to  which  the 
light  rails  a'  a*  are  fixed.  Of  these  rails  the  one  is  oonneoted  at 
freqnenb  iatervak  with  the  girders  which  are  joined  above  by  a 
cover  of  iron  plates  which  can  be  taken  off  separately,  the  otiier 
is  oondnctively  connected  with  all  the  iron  pillars.  Small  four- 
wheeled  wagons  ran  on  the  rails  with  wheels  SOcm.  high,  the 
axles  of  which  consist  of  two  parts  insulated  ii-om  one  another. 
The  rotating  cylinder  of  a  smalt  von  Hefner  dynamo-machine 

Fig.  164. 


oonstitntes  the  one  axle ;  each  revolntion  of  this  cylinder  therefore 
corresponds  to  a  revolntion  of  the  wheels  of  the  wagon.  If  a 
stationary  current-generating  dynamo-machine  is  then  connected 
np  at  any  place  on  the  railway  between  the  two  rails,  then  the  one 
rail  together  with  the  covering  of  the  line  forms  one  insulated 
condactor,  whilst  the  earth  together  with  the  iron  pillars  forms 
the  retnm  conductor.  The  conducting  coanection  between 
the  rails  and  the  wire  wound  en  the  driviog  machine  is 
coustitnted  by  the  wheels.  As  the  resistance  with  a  thickness 
of  the  plates  of  3mm.,  which  serves  at  the  same  time  as  cover,  as 
girder,  and  as  conductor  of  the  electric  current  is  only  about 
002  mercury  nnit  per  kilometre,  it  is  sufiBcient  to  provide  a 
stationary  dynamo-machine  for  generating  the  current  at  every 
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20    kilometres.    As  the  carriageB  which    conetittite  the  -letter 
holdeiB  ara  veiy  light  and  their  load  also  is  not  great,  their  axles 


can  make  800  to  1,000  reTolations,  they  therefore  traverse  the 
line  at  the  velocity  of  railway  trains.    If  the  stationary  dynamoe 
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Fig.  170. 


are  considerably  stronger  than  the  motors,  the  velocity  of  a 
wagon  will  not  dimmish  notably,  when  several  wagons  are 
simultaneously  running  on  the  line.  Letter  carriages  oan 
therefore  be  despatched  at  short  successive  intervals.  The 
arrangements  for  the  gradual  reduction  of  the  velocity  and  for 
the  final  stopping  of  the  wagons  at  the 
arrival  station  can  easily  be  arranged,  and 
will  be  here  passed  over. 

The  cost  of  such  a  project  will  depend 
essentially  on  the  price  of  iron.  Owing  to 
the  present  unusual  inflation  of  the  same,  it 
can  hardly  be  carried  out  on  the  scale  pro- 
posed under  £1,450  per  statute  mile. 

Whilst  I  submit  this  proposal  to  public 
criticism,  I  will  here  only  state  in  regard  to 
it,  that  such  "electric  posts"  are  not  re- 
stricted to  railways,  for  on  the  one  hand  the 
nature  of  the  dynamo  makes  it  possible  to 
overcome  heavy  gradients  without  corre- 
sponding reduction  of  the  velocity,  and  on 
the  other  hand  the  requisite  height  of  the 
line  can  be  attained  by  giving  a  suitable 
height  to  the  supporting  pillars  without  need 
of  levelling  the  ground.  The  "electric 
post"  therefore  permits  places  which  have 
no  railway  connection  to  participate  in  the 
benefit  of  quick  postal  traffic. 

We  come  to  the  second  arrangement,  that 
is  the  elevated  electric  railway  proposed  by 
me.  Such  a  one  is  shewn  in  the  following 
diagrams.  Pigs.  167  to  170.  The  wrought 
iron  posts  8  are  an'anged  at  about  10  metres 
distance  apart  on  the  curb  of  the  pavement  where  the  street  lamp 
posts  are  usually  placed.  They  are  4*5  metres  high,  so  that  at 
street  crossings  even,  the  highest  loaded  wagons  are  able  to  pass 
under  the  girders  T  which  support  the  rails.  These  girders  T  are 
40cm.  high  and  lie  on  beams  H  of  hard  wood,  which  are  fixed 
to  the  posts.  The  lower  rails  8  rest  on  the  iron  longitudinal 
girders.      I  pass  over  here  the  projected  safety  arrangements 
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against  side  movements,  variations  in  the  temperature  of  the  iron, 
etc.,  which  may  be  seen  from  the  diagrams  and  may  be  con- 
siderably modified.  What  is,  however,  of  importance  is,  that  the 
longitudinal  sleepers  shall  not  be  in  metallic  connection  with  the 
rails  lying  on  them.  The  gauge  is  assumed  to  be  1  metre.  On 
this  run  the  passenger  carriages  shown  on  a  larger  scale  in  Figs. 
171  and  172,  which  are  constructed  as  light  as  possible  for  fifteen 
persons.  It  need  only  here  be  noted  that  each  wheel  has  special 
bearings,  and  that  the  axle  boxes  of  the  wheels  on  either  side  are 


Kg.  171. 


connected  electrically.  Both  driving  wheels  E  are  provided  with 
pulleys  r  for  belt  driving,  and  receive  through  these  their  driving 
power  from  the  dynamos  placed  below  the  body  of  the  car.  The 
belts  can  be  tightened  from  the  interior  of  the  carriage.  The  ends 
of  the  surrounding  wires  of  the  driving  dynamo  are  in  conductive 
connection  with  the  longitudinal  supports  carrying  the  current, 
and  the  rails  through  the  wheels  on  the  right  and  left  side  of 
the  carriage.  The  electric  resistance  of  the  girders  and  rails  is 
about  ^th  unit  per  kilometre,  and  therefore  only  one  stationary 
engine  is  required  for  an  electric  elevated  railway  traversing 
the  whole  of  Berlin.  Motors  of  5  horse-power  are  assumed, 
which  give  the  carriages  a  speed  of  80  to  40  kilometres.  The 
brake  is  applied  by  interrupting  the  current,  but  the  usual  brake 
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can  also  be  applied  in  a  yexj  short  time  by  abort  circuiting  the 
macbine  on  tbe  cairi^e.  Although  in  America  the  former  Bafety 
arrangements  against  derailment  of  the  elevated  railway  carriagea 
have  been  tbonght  nunecessBry,  here  a  catching  arrangemeiit  G 
is  proposed,  which  renders  a  fall  of  the  carriage  from  tbe  girders 
impoeeible  even  with  derailment.  Tbeae  are  strong  iron  catching 
arms  which  encompass  tbe  upper  flange  of  the  girder.  The  price 
of  Bocb  an  elevated  railway  depends  also  essentially  on  the  price 
of  iron.  Although  the  costof  construction  ia  high  (about  £12,000 

Fig.  172.  Fig.  173. 


per  statute  mile),  a  traffic  of  five  persons  per  carriage  with 
twelve  carriages  in  the  hour  makes  the  installation  pay,  in 
consequence  of  the  exceedingly  small  cost  of  working  tbe  electric 
railway.  I  pass  over  the  arrangements  of  the  platforms,  of 
crossings,  etc.,  not  to  make  too  great  a  claim  on  your  time,  and 
will  only  remark  that  with  the  arrangement  described  as  well  as 
with  tbe  electric  post,  several  carriages  can  simultaneously  move 
on  the  rail,  without  the  velocity  being  thereby  reduced  to  any 
great  extent. 

Although  it  is  not  to  be  denied  that  an  elevated  railway 
traversing  tbe  streets  bas  many  disadvantages  for  the  residents 
in  the  streets  through  which  it  passes,  this  disadvantage  is 
decidedly  outweighed  by  tbe  advantage  of  quick  traffic  reliev- 
ing the  street.    Tbe  construction  of  the  railway  itself  can  with 
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abBolnte  safety  be  made  bo  light  and  elegant  that  there  can 
hardly  be  any  qnestion  of  disfigurement  of  the  street  by  it. 
The  electrically  driven  carriages  are  carried  along  so  qnickly  and 
Doiselesslywithont  any  other  disagreeable  appearance,  such  as  the  Dse 
of  the  steam  locomotive  brings  with  it  over  the  confused  traffic 
of  the  streets,  that  one  will  hardly  notice  them.  As  there  will 
not  be  many  stopping  stations  on  the  electric  railway,  these  will 
be  the  natural  starting  and  collecting  points  for  tramway  and 
omniboB  lines,  which,  however,  will  give  np  the  non-paying  long 
routes.    With  their  help  and  with  the  interposition  of  the  railway, 

Fig.  17*. 


the  whole  of  Berlin  would  obtain  a  rational  qnick  system  of 
communication  not  burdening  the  streets,  snch  as  no  other  great 
town  would  be  able  to  show. 

Beriin  is  the  birthplace  of  the  dynamo-electrio  machine  and  the 
electric  railway  ;  it  ^ould  therefore  anticipate  the  world  with  the 
installation  of  a  system  of  elevated  electric  railways,  which  in 
the  long  run  cannot  be  dispensed  with.  I  ask  you,  gentlemen,  to 
assist  in  the  realization  of  this  proposal. 

Finally  I  have  to  discuss  the  application  of  the  electric  current 
of  the  dynamo  machine  as  a  supplementary  power  for  locomotive 
lines.  Such  an  arrangement  which  may  be  variously  modified  is 
shown  diagrammatically  in  Figa.  173  and  174. 

In  the  middle  between  the  rails  or  bettor,  quite  close  to  the 
track,  are  placed  fork-shaped  supports  of  hard  glass  or  wood  well 
saturated  with  varnish,  which  carry  a  stout  copper  conducting 
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rope^  which  is  stretched  at  the  ends  by  springs.  The  wagons 
which  are  provided  with  driving  dynamo  machines  in  a  similar 
manner  to  that  described  for  the  electric  elevated  railway,  carry  a 
system  of  rollers  which  take  up  the  conducting  rope  from  its 
fork-shaped  supports  in  a  similar  way  as  in  rope  towing,  and 
after  the  passing  of  the  wagon  replace  it  in  the  latter.  The 
rollers,  the  number  of  which  can  be  increased  as  desired,  form  the 
conducting  connection  between  the  rope  and  the  driving  electric 
machine,  which  can  be  fixed  under  the  wagon  and  which  turns  an 
axle  of  the  wagon  by  belting  or  other  gearing.  The  return  takes 
place  by  means  of  the  iron  frame  of  the  wagon  and  of  the  wheels 
through  the  rails,  if  one  does  not  prefer  to  employ  two  conducting 
ropes,  and  only  to  use  these  for  carrying  the  current.  A  strong 
stationary  dynamo  machine,  which  is  inserted  between  the  copper 
wire  rope  and  the  rails,  or  otherwise  between  the  two  copper  wire 
ropes,  then  serves  to  provide  with  motive  force  such  a  number  of 
axles  of  the  train  as  desired.  In  place  of  the  wire  rope  there  can 
be  brought  a  solid  conducting  rail  near  to  or  over  the  rail 
insulated  from  the  ground  by  hard  glass  or  wood,  and  its  contact 
arranged  with  the  driving  dynamo  machine  by  means  of  a  contact 
carriage  running  on  the  conducting  rail,  which  is  drawn  after 
the  train  by  a  conducting  rope.  If  the  dynamo  machines  are 
to  serve  as  a  brake  by  the  down-going  train,  the  ends  of  the 
winding  wires  need  only  be  brought  into  direct  conductive 
connection  with  one  another  by  means  of  a  metal  strap. 
They  then  act  as  current-generating  dynamo  machines,  and 
heat  the  metal  strip  cooled  by  water.  The  work  performed 
by  the  down-rolling  train  is  then  used  for  the  production  of 
steam. 

With  mountain  lines  having  ftequently  changing  gradients, 
the  necessary  delay  for  the  picking  up  and  dropping  of  the 
wire  rope,  etc.,  would  be  inconvenient.  The  steam  producer 
and  motor  as  well  as  the  current-generating  dynamo-machine^ 
can  be  placed  on  a  special  wagon  or  connecbed  with  the  loco- 
motive. Any  desired  number  of  wagons  can  then  be  supplied 
with  motors  which  are  connected  by  means  of  conducting 
ropes  with  the  current-generating  dynamo-machine  and  are 
driven  by  it. 

The  dynamo-machine  will  serve  through  the  transmission  of 
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power^  for  yet  many  other  railway  purposes.  I  think  I  have, 
however,  already  made  an  immoderate  demand  on  the  patience  of 
the  meeting,  and  now  only  beg  a  kind  and  indulgent  criticism 
of  my  proposals. 


ON  THE  PROJECT  FOE  AN  ELECTRIC  RAILWAY .♦ 

It  is  an  agreeable  experience  for  me,  again  to  appear  in  the  old 
rooms  in  which  as  a  young  man  I  have  so  often  with  pleasure 
been  occupied,  and  I  hope  to  follow  the  exhortation  of  the 
president,  and  to  be  able  frequently  to  discharge  my  duty  as  a 
member  of  the  Society. 

I  considered  it  my  duty  to  bring  to  the  notice  of  the  public  in 
general,  and  more  particularly  of  a  society  which  forms  an  essential 
factor  of  the  public  opinion  of  Berlin,  before  the  Polytechnic 
Society,  a  question  which  is  much  discussed  now,  vis.,  the 
question  of  the  electric  elevated  railway.  It  may  appear  some- 
what bold  to  many  to  advance  such  a  plan  at  all  in  a  town  like 
Berlin,  which  is  so  proud  of  its  beauty.  For  it  must  be  allowed, 
that  all  such  arrangements  do  not  exactly  serve  to  beautify.  On 
this  account  I  should  not  have  ventured,  if  I  had  not  tiie  firm 
conviction,  that  Berlin  absolutely  required  it. 

If  one  has  observed  for  nearly  half  a  century,  how  quickly  the 
traffic  of  Berlin,  which  already  ten  years  ago  was  very  considerable, 
has  increased,  the  question  occurs  to  everyone  ;  what  will  come  of 
this  ?  This  cannot  long  continue  so.  Now,  let  us  see  how  other 
great  towns,  which  are  older  than  Berlin,  and  have  already  a 
much  more  developed  traffic,  manage  it. 

There  is  first  of  all  London.  It  has  as  a  wide  route  for  traffic, 
the  broad  Thames,  which  passes  through  the  middle  of  it.  Yet 
the  traffic  in  the  central  streets  has  already  increased  to  an 
intolerable  extent.  By  the  erection  of  broad  viaducts  and  the 
carrying  through  of  great  railway  constructions,  which  pass 
through  the  town  in  various  directions,  the  enormous  and  stiU- 
increasing  traffic  could  not  be  coped  with.    This  was  only  effiscted 

*  (Address  to  the  Polytechnic  Society  on  the  11th  March,  1880.) 
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bj  a  whole  network  of  undergroand  railways,  which  is  being 
farther  extended.  The  enormous  traffic  which  is  carried  on  by 
means  of  this  underground  network  of  railways  has  substantially 
disburdened  the  London  streets  again,  and  gives  them  that  rest 
and  order  so  characteristic  of  London  life.  The  larger  a  town  is, 
the  more  disagreeable  it  is  in  the  middle  of  it,  and  the  more 
places  must  there  be  outside  of  it,  where  one  can  live  pleasantly 
and  in  better  air.  But  the  workmen*s  quarter  must  also  be  in 
cheap  and  quick  communication  with  all  parts  of  the  inner  town. 
Only  in  this  way  is  an  agreeable  and  healthy  life  possible  in  a 
great  town. 

Paris  has  its  great  underground  system  of  sewers^  these  are  long 
stretches  and  tunnels,  by  means  of  which  the  streets  are  to  a  great 
extent  discharged ;  but  Paris  partly  feels  like  us  the  load  of  an 
ever  increasing  traffic,  and  the  endeavour,  to  provide  the  remedy, 
is  already  in  Paris  very  much  the  order  of  the  day. 

If  we  now  look  at  Berlin,  we  must  say  that  our  fathers,  the 
fishermen,  who  lived  in  the  villages  of  Berlin  and  Eoehi,  have 
60  &r  made  a  bad  choice,  that  they  have  settled  on  a  place,  where 
the  water  lies  very  near  the  surface.  At  a  couple  of  feet  below  the 
ground  we  come  upon  surface  water.  In  such  a  place  certainly 
no  great  town  ought  to  have  been  built ;  such  a  one  should  have 
been  founded  on  such  a  height  that  a  good  underground  com- 
munication could  have  been  effected.  Could  that  be  done,  all 
difficulty  would  be  at  an  end,  and  Berlin  could  have  extended 
without  hindrance.  This  however  we  are  deprived  of ;  no  builder 
wiU  be  so  venturesome  as  to  lay  a  line  of  rails  in  surface  water^ 
by  constructions  like  the  Thames  Tunnel ;  the  cost  would  be 
enormous  and  the  result  could  not  after  all  be  perfect.  Therefore 
there  only  remains  the  extension  of  the  system  commenced  with 
the  town  railway,  a  network  of  real  railways  which  cross  Berlin  in 
all  directions.  We  have  however  observed  the  great  destruction, 
which  became  necessary  for  the  town  railway,  and  many  know  the 
great  expenses  connected  with  the  construction  of  such  a  railway. 
Nor  does  it  add  to  the  beauty,  for  the  heavy  viaducts  over  the 
streets,  disfigure  them  greatly.  I  believe  therefore  that  we  cannot 
calculate  on  this  system  of  elevated  railway  above  the  street  levels 
it  cannot  be  carried  out  for  Berlin,  and  we  are  therefore  placed 
under  a  necessity  which  compels  us,  to  adopt  a  new  way,  to  attain 
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a  disburdening  of  the  street  traffic,  and  a  quick  connection  of 
the  centre  points  of  traflSa 

In  New  York  the  bold  plan  has  been  adopted  of  carrying 
railways  for  locomotives  on  columns  through  the  streets,  therefore 
building  above  the  street  itself  a  second  network  of  roads  or 
railways.  There  was  first  of  all  a  project  as  here  to  cany  the  line 
on  single  columns,  which  stand  in  place  of  the  lamp  posts  between 
the  footpath  and  carriage  way ;  such  a  railway  now  exists,  and 
large  trains  with  locomotives  pass  over  it.  Later  the  middle 
of  the  carriage  way  has  been  bridged  over,  and  both  tracks  have 
been  laid  on  this  iron  construction.  New  York  is  so  situated  that 
a  considerable  quick  traffic  along  the  water  side  is  a  necessity. 
Notwithstanding  all  the  disadvantages,  which  these  lines  over  the 
streets  bring  with  them,  the  thing  itself  has  almost  become 
naturalized  and  the  railways  have  a  very  large  traffic.  Many 
other  towns  have  followed  suit,  and  could  not  do  without  elevated 
railways,  even  if  they  wished  to  remove  them.  The  trains  follow 
one  another  every  few  minutes,  and  this  railway  has  become  the 
most  usual  means  of  communication. 

A  line  of  such  difficult  construction  could  hardly  be  carried  out 
in  our  case.  The  pavements  are  very  mnch  freed  by  building  it 
in  the  middle  of  the  street,  and  the  street  traffic  is  not  too  much 
obstructed  by  posts.  But  it  is  no t  a  pleasant  arrangement.  0  wing 
to  the  great  noise  the  trains  make,  to  the  smoke,  the  spray  of 
water  and  the  escape  of  steam,  these  railways  are  intolerable,  so 
that  they  cause  the  most  violent  conflict  with  the  residents  of  the 
neighbouring  houses,  who  rightly  will  not  put  up  with  them. 

This  also  interferes  with  the  plan,  which  my  firm  has  proposed 
to  the  town,  to  carry  electric  railways  on  posts,  along  the  edge 
of  the  gutters,  through  the  principal  streets,  which  are  most 
important  for  the  traffic  between  different  parts  of  the  town  ;  for 
everyone  thinks  of  the  American  elevated  railways,  and  imagines 
that  it  will  not  make  much  difference  whether  it  is  a  locomotive 
or  electric  railway.  People  are  alarmed  at  the  noise  which  the 
trains  make,  the  oil  which  drops,  and  other  disadvantages.  In 
consequence  of  this  opinion  among  the  general  public,  the  proposal 
has  been  received  very  coolly.  I  believe  however  that  when  the 
matter  is  more  closely  considered,  then  especially  the  Berliners, 
who  alone  in  the  world  have  hitherto  become  acquainted  with  the 
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qaiet  managemenfc  of  an  electric  railway,  must  say,  this  is  some- 
thing different  from  a  locomotive  line,  on  which  heavy  engines 
with  great  trains  thunder  along. 

However,  before  I  come  to  details,  I  would  give  you  a  general 
idea  by  bringing  a  picture  before  you.  Here  is  a  project  of  such 
a  line.  You  see  a  house  front  as  it  actually  is,  and  in  front  the 
columns  which  stand  in  place  of  the  lamp  posts,  4^  metres  high, 
so  that  they  reach  to  about  the  window  sills  of  the  first  floor. 

It  is  not  proposed  to  run  long  trains,  but  single  carriages 
similar  to  omnibuses,  each  of  which  is  driven  by  its  own  machine, 
which  is  shewn  in  another  sketch.  There  is  no  noise  in  con- 
nection with  such  a  railway,  the  carriages  pursue  their  way 
without  making  themselves  unpleasantly  noticeable,  and  it  cannot 
be  said,  that  any  thing  disagreeable  is  connected  with  their  quick 
passage. 

It  follows  from  two  reasons  that  the  windows  cannot  be  seen 
into  as  has  been  feared ;  in  the  first  place  one  cannot  look  from  the 
light  into  the  dark,  and  because  when  the  lights  are  lighted  every 
housewife  in  Berlin  places  curtains  in  front  of  the  windows,  and 
secondly  because  on  account  of  the  quickness  of  the  travelling 
and  the  proximity  of  the  houses,  there  can  be  no  question  of 
recognition. 

It  is  proposed  to  let  the  trains  travel  at  about  the  rate  of  goods 
trains,  viz.  18  miles  an  hour;  this  is  not  a  great  but  a  safe 
velocity,  which  does  not  allow  of  the  observation  of  near  lying 
objects. 

It  has  been  further  said  the  line  would  darken  the  shops  and 
streets.  This  however  is  only  very  slightly  the  case  owing  to  the 
breadth  of  our  streets.  The  girders  on  which  the  lines  rest  are 
only  about  Ij  feet  high,  and  have,  seen  sideways,  only  the 
appearance  of  a  small  band.  The  question  of  darkening  will  be 
reduced  by  choosing  a  correspondingly  bright  paint,  by  which 
the  demands  of  beauty  might  at  the  same  time  be  satisfied. 

Besides,  I  do  not  think  that  a  straight  line  is  in  itself,  so  great 
an  nnsightliness  as  some  say,  for  then  the  stone  edges  of  the 
gutter  which  now  serve  so  much  for  beautifying  the  streets  must 
be  considered  unsightly.  These  are  all  things  to  which  the  eye 
gets  accustomed,  and  if  the  project  is  carried  out  it  will  not  be 
long  before  the  public  has  become  so  accustomed  to  the  line,  as 
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not  to  be  able  to  do  witbont  it.  Some  few  disadvantages  which 
the  railways  in  spite  of  expectation  might  bring  to  the  neighboura 
will  be  richly  outweighed  by  the  advantages  which  they  will 
offer  them. 

Frequent  stations  will  not  be  made,  but  the  line  must  always 
have  the  character  of  quick  railway  communication ;  it  must 
connect  directly  the  main  centres  of  the  traffic,  and  the  stopping- 
places  will  be  used  as  the  natural  and  necessary  central  points  for 
the  distributing  traffic  for  the  tramways  and  cabs.  The  idea 
that  these  will  be  injured  by  the  line  is  quite  erroneous.  By 
quick  means  of  traffic  between  the  stations,  local  traffic  ia 
always  increased,  and  in  place  of  fewer  local  means  of  traffic 
more  will  be  required.  If  this  is  already  an  advanti^e  for  the 
streets,  it  follows  that  by  means  of  such  a  rail  communication 
through  whole  streets  a  great  need  can  be  met.  Any  desired 
number  of  conductors  can  be  fixed  to  the  longitudinal  girders^ 
without  their  being  seen,  and  the  streets  can  thus  not  only  be  lighted 
electrically,  but  each  householder  or  shopkeeper  can  easily  be 
supplied  with  electric  light  or  motive  power,  as  he  is  no  longer 
obliged  to  set  up  a  special  gas  engine  for  the  purpose.  The 
machinery  is  fixed  at  a  central  point  There  is  also  no  necessity  to 
make  the  arrangement  for  long  ;  if  the  person  it  concerns  does^ 
not  require  it  any  longer,  the  small  branch  wire  is  cut,  and  the- 
light  or  motive  power  can  be  supplied  to  another.  Electric 
lighting  and  transmission  of  power  are  therefore  much  more- 
readily  available  for  all  who  require  them.  It  is  the  same  thing 
with  telephone  connections ;  these  also  can  be  made  much  more^ 
easily.  It  will  then  not  be  so  costly  for  the  whole  town  to  be 
covered  with  a  telephonic  network ;  this  is  much  dearer  when 
laid  underground,  and  the  town  cannot  endure  the  pavement 
being  taken  up  at  every  moment  to  lay  a  new  wire.  After  all,  for 
all  these  purposes  some  conduit  is  required  which  can  serve  for  all 
such  conducting  purposes.  Therefore  streets  provided  with  electric 
elevated  railways  will  become  the  electric  progress  streets,  and  I 
do  not  think,  that  in  this  way  a  diminution  of  the  value  of  the 
houses  will  arise,  but  on  the  contrary  these  will  increase  in  value. 

According  to  the  plan  we  have  exhibited,  and  which  we  desire 
to  follow,  because  it  appears  judicious  to  us,  the  stations  of  the 
town  railway  would  be  everywhere  connected  with  radial  branches 
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to  the  north  and  south.  At  present  the  town  railway  is  a  single 
line  which  goes  right  through  Berlin,  an  advantage  for  all  those 
that  live  in  its  neighbourhood,  but  only  partially  so  for  them,  as 
they  can  go  by  it  in  two  directions  only,  but  not  in  all  directions. 
But  as  people  have  occasion  to  travel  in  all  directions,  the  needs 
of  traffic  are  only  partially  satisfied  by  such  a  line.  When,  how- 
ever, radial  lines  pass  in  all  directions  from  the  stations  of  the 
town  railway  something  quite  different  will  arise,  then  the  town 
railway  will  be  the  great  central  artery  for  the  whole  traffic  of 
Berlin. 

It  is  all  one  whether  the  town  railway  will  be  driven  also  by 
electricity  at  a  future  time  or  by  steam  ;  if  it  is  to  serve  its 
purpose  trains  must  start  every  5  minutes  and  the  carriages  of  the 
electric  railway  must  follow  each  other  every  2  or  3  minutes,  or 
according  as  traffic  demands,  so  that  every  few  minutes  one  may 
travel  from  any  part  of  Berlin  to  any  other  part.  Then  we  should 
have  a  system  more  perfect  than  any  as  yet  existing ;  in  a  few 
years  it  will  be  a  compulsory  force,  and  Berlin  would  for  once  dis- 
tinguish itself,  in  that  it  led  and  did  not  merely  follow.    (Bravo.) 

I  hope  this  at  least,  I  mean  that  we  have  here  to  do  with  a 
seriouB  traffic  necessity,  which  increases  from  year  to  year,  and 
that  therefore  it  is  worth  going  specially  into  the  thing,  and  to 
£x  one's  eyes  upon  the  possibility  of  its  accomplishment 

I  need  not  explain  the  electric  railway  in  its  essentials  more 
closely.  You  have  all  seen  the  trials  of  it  at  the  Exhibition  and 
also  heard  the  explanation.  I  will  not  therefore  weary  you  with 
a  theoretical  explanation  of  the  dynamo-electric  machine,  it  has 
been  largely  printed,  so  that  you  will  easily  get  information  about 
it.  I  will  only  draw  attention  to  one  point,  why  we  are  now  in 
the  position  to  move  heavy  loads  on  electric  railways,  which  was 
not  formerly  possible.  In  the  year  1841  the  German  Confederation 
offered  a  prize  for  the  construction  of  an  electric  locomotive ; 
I  believe  this  is  the  only  premium  which  the  former  German 
Confederation  ever  offered.  It  was  not  solved  although  many 
worked  at  it,  Jacobi  of  Petersburg  and  others.  A  property 
of  the  electric  machine  became  apparent  which  made  success 
unattainable  ;  namely,  that  every  electric  motor,  which  is  driven 
by  a  galvanic  battery  produces  an  opposing  current,  that  this 
opposing  current  diminishes  the  power  of  the  battery,  and  that 
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the  quicker  it  turns  the  greater  becomes  the  opposing  current 
and  the  less  motive  power  remains  available.  If  I  have  a  battery 
of  100  cells,  and  the  engine  begins  to  move  quickly,  there  remains 
only  the  force  of  about  ten  cells,  whilst  that  of  the  remaining  90 
cells  is  balanced.  It  is  as  it  were  two  horses  which  work  against 
each  other.  This  phenomenon  led  me  to  the  construction  of  the 
dynamo  electric-machine  which  in  principle  is  nothing  else  than 
an  electro-magnetic  machine  which  is  turned  in  the  reverse  direc- 
tion ;  then  the  opposing  current  is  added  to  the  original  and 
strengthens  instead  of  weakening  it.  In  opposing  rotation  work 
is  consumed.  This  work  is  changed  into  electric  current.  Such 
a  machine,  which  I  described  in  a  communication  to  the  Academy 
in  the  year  1867, 1  have  called  a  dynamo-electric  machine,  as  it 
changes  power  directly  into  current  and  magnetic  force  is  not  as 
in  the  magneto-electric  machine  the  origin,  as  here  the  magnet 
itself  is  first  produced  by  work,  and  then  again  produces  electric 
current. 

From  this  other  considerations  arise,  into  which  I  can  neverthe- 
less not  enter  more  closely  here. 

The  girders  of  the  electric  elevated  railway  are  formed  of 
plate  iron,  and  carried  on  wood  so  that  they  with  their  rails  are 
insulated  from  one  another,  and  do  not  make  a  noise  with  traffic. 
All  parts,  as  is  necessary  in  construction  of  iron,  are  calculated 
with  surplus  strength,  so  that  even  if  carriages  were  placed  all 
along  the  whole  line,  the  deflection  would  not  reach  the  permitted 
limit ;  it  would  be  safe  beyond  all  doubt. 

There  is  still  a  question  which  is  considerably  ventilated.  It 
has  been  said  that  if  once  an  accident  happens,  everything  would 
come  to  grief.  Supposing  a  carriage  falls  down,  there  would  be  a 
velocity  of  fall  of  80  feet,  and  that  would  produce  a  very  violent 
concussion.  That  must  naturally  be  avoided.  The  girders  have 
broad  heads  above,  and  around  these  are  strong  constructions  of 
iron,  so  that  a  derailment  is  absolutely  impossible  as  the  drawings 
laid  before  you  show  in  detail.  You  see  on  them  the  strong 
bands  which  make  a  fall  impossible  unless  thie  whole  rail  work 
were  shattered.  And  besides  it  must  not  be  forgotten  that  only 
light  carriages  are  running,  which  can  only  produce  a  slight  con- 
cussion, and  that  these  will  only  travel  at  a  moderate  speed. 
It  can  be  shewn  by  calculation,  that  this  construction  permits 
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of  the  carriages  being  stopped  and  a  fall  being  rendered 
impossible. 

This  arrangement  has  however  the  disadvantage  that  it  cannot 
be  used  with  crossings.  There  rails  must  be  kept  on  a  level,  and 
such  projecting  constructions  cannot  be  used.  The  Americans 
first  used  them  with  their  elevated  railways,  but  have  given 
them  up.  A  locomotive  has  jumped  over  but  the  carriages  have 
remained  above.  We  however  have  no  locomotive,  but  only 
carriages. 

Another  question  is  whether  two  carriages,  of  which  one  goes 
forward  quickly  and  the  other  stops,  cannot  collide  dangerously 
with  one  another.  That  can  certainly  take  place,  although  there 
is  a  certain  security  in  the  circumstance,  that  when  one  carriage 
comes  near  the  other,  they  mutually  deprive  each  other  of  a  portion 
of  the  electric  energy  and  a  diminution  of  the  velocity  takes  place. 
We  will  however  drop  that  for  the  present.  There  is  in  the  machine 
itself  a  very  powerful  brake  arrangement  When  such  a  dynamo- 
machine  is  short  circuited,  the  current  becomes  so  strong,  that 
the  machine  cannot  carry  it  for  long.  It  gets  so  hot  that  it  must 
be  spoiled.  But  that  takes  some  while,  and  it  is  allowable  to 
short-circuit  the  machine  for  a  tolerably  long  time.  Then  a  very 
powerful  current  arises,  and  considerable  work  is  simultaneously 
consumed  in  the  rotation  to  cause  the  current ;  this  work  is 
taken  up  by  the  wheels,  which  are  turned  by  the  machine  and 
are  coupled  with  it ;  therefore  in  a  very  short  time  a  carriage 
which  is  running  at  full  speed  will  stand  still,  when  the  ends  of 
the  conducting  wire  of  the  machine  are  brought  into  direct 
communication  with  one  another. 

There  is  besides  the  usual  brake,  and  it  is  to  be  assumed,  that 
each  carriage  has  a  conductor,  who  is  at  the  same  time  ticket 
collector,  and  when  it  is  necessary  has  to  put  on  the  brake.  He 
looks  after  everything,  and  when  he  sees  he  is  coming  too  near  to 
another  carriage,  he  must  go  slowly  and  apply  the  brake.  Besides 
one  is  always  dependent  on  the  intelligence  of  the  people  who 
have  charge  of  the  mechanism  ;  a  mechanism  cannot  work  safely 
by  itself,  but  the  means  are  fully  there  to  prevent  a  collision. 

Nothing  can  lie  on  the  rails,  not  even  snow  or  ice  will  be  able 
to  lie  on  them,  and  then  it  would  be  easily  removable  by  clearers. 
If  through  malice  any  bar  should  be  placed  on  it,  it  will  be  thrown 


440  THE   SCIENTIFIC  PAPERS,    ETC.,    OF 

off  and  cannot  get  under  the  wheels.  There  are  bo  many  safety 
arrangements  throughout  that  one  can  say  there  is  no  safer  mode 
of  conveyance  than  this.  In  the  bustle  of  streets  one  is  not 
without  danger,  how  often  are  people  run  over,  and  do  other 
misfortunes  arise.  On  such  a  railway  safety  will  at  all  times  be 
much  greater  than  in  a  swiftly  driven  carriage. 

At  the  central  station  and  at  the  other  end  there  will  be 
stationary  engines,  which  are  in  connection  with  both  rails,  so 
that  the  one  is  positively  and  the  other  negatively  electric.  The 
current  from  one  rail  is  transmitted  by  means  of  the  wheels 
through  the  machine  to  the  rail  on  the  other  side,  and  in  this  way 
it  produces  the  power  to  turn  the  wheels.  The  rails  have  a  very 
large  section,  so  that  the  distance  of  2  to  3  miles  always  offers 
but  slight  resistance,  abont  ^  of  a  unit ;  the  carriages  can  therefore 
be  sent  regularly  one  afber  another.  In  order  further  to  secure  this, 
we  propose  to  erect  also  at  the  other  end  of  the  line  a  primary 
machine  ;  in  this  way  it  becomes  possible  for  all  the  carriages  to 
receive  an  equal  impulse,  and  also  that  if  one  primary  machine 
breaks  down  the  working  is  still  assured. 

How  many  carriages  can  with  advantage  be  allowed  to  travel 
simultaneously,  experiment  must  decide  ;  there  is,  however,  what 
is  the  main  point  with  new  things,  no  sort  of  difficulty  to  be 
recognized,  which  could  be  disadvantageous  to  the  scheme. 

There  is  certainly  much  yet  to  ascertain  and  to  construct. 
I  will  not  say  that  the  constructions  in  all  respects  are  already 
final,  but  the  principle  is  of  that  kind,  that  there  is  no  theoretical 
obstacle  to  practical  use,  theory  cannot  be  played  with,  if  it 
forbids  anything,  practice  does  not  help ;  but  when  the  basis  is 
secure,  our  industry  is  in  the  position  to  overcome  obstacles,  and  so 
I  believe  we  are  in  the  position  to  take  in  hand  seriously  the 
building  of  electric  railways  through  Berlin,  where  possible,  so  as 
to  join  the  town  railway,  as  then  the  town  railway  for  the  whole 
of  Berlin  will  be  a  fact,  which  in  its  present  form  it  cannot  be, 
where  it  only  fulfils  quite  a  partial  need.  It  would  indeed 
be  very  pleasant,  if  in  Berlin,  which  is  the  cradle  of  the  dynamo- 
electric  machine,  the  first  railway  of  that  kind  was  also  built. 
Berlin  should  certainly  take  the  lead  in  bringing  forward  into 
life  what  has  been  bom  here.  Interest  \a  everywhere  shown  in 
electric   railways.    I    would,    however,    secure  for    Berlin   the 
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precedence  of  having  the  first  elevated  electric  railway.  I  think 
that  Berlin  is  all  the  more  entitled  to  it,  as  there  is  hardly  a  town 
which  is  so  saited  for  electric  railways,  in  the  first  place  owing  to 
the  necessity  of  possessing  a  new  means  of  traffic,  which  lightens 
the  traffic  of  the  street,  and  then  because  no  other  means  is  here 
available.  We  must  determine  on  building  an  elevated  railway, 
or  cease  to  endeavour  to  be  actually  a  great  town.  It  has  to  be 
decided,  Yes  or  No ;  there  is  no  other  choice. 

I  have  had  some  photographs  made  of  a  model,  which  is  here 
exhibited,  which  I  now  lay  before  you. 

As  regards  the  ascent  to  the  stations,  it  would  be  best  to  rent 
the  first  and  second  stories  of  a  shop  at  the  desired  places.  This 
would  form  a  waiting  room,  and  would  be  connected  with  the 
railway  by  a  light  bridge.  More  than  fifteen  persons  should  not 
have  seats  in  a  carriage,  and  a  train  should  go  regularly  every  five 
minutes,  so  that  a  large  collection  of  the  public  will  hardly  take 
place ;  it  is  therefore  not  necessary  to  arrange  for  any  large 
waiting  rooms.  In  open  places  one  could  arrange  a  staircase  and 
gallery  of  light  iron  construction,  to  serve  as  a  platform  ;  in  this 
connection  no  difficulty  has  arisen  in  America. 

As  regards  the  height  of  the  line,  that  of  the  town  railway  is 
assumed  as  the  standard.  The  expenses  are  certainly  somewhat 
high  ;  the  construction  must  be  very  solid  and  firm  ;  in  this 
nothing  can  be  economized ;  a  first  estimate  has  given  the  cost 
of  construction  from  £12,000  to  £16,000  per  statute  mile. 
That  is  certainly  not  cheap,  but  this  cost  would  be  balanced 
by  the  working,  which  is  very  cheap.  A  stationary  engine 
supplies  the  power,  which  is  provided  with  the  best  boiler 
arrangement  for  cheap  fuel,  so  that  the  production  of  power  will 
itself  be  cheap.  If  only  half  of  this  force  is  transmitted,  yet  it  is 
always  cheaper  than  a  locomotive,  the  heating  of  which  costs 
more  than  double  that  of  an  equally  powerful  stationary  engine. 
The  force,  therefore,  which  is  actually  used  is  always  cheaper  than 
that  of  a  locomotive.  The  conductor  is  also  the  engine-driver,  by 
which  the  cost  is  much  reduced  as  compared  with  tramways,  and 
such-like  means  of  traffic.  According  to  calculation  the  system 
would  soon  pay  a  dividend,  if  a  carriage  with  five  persons  were  to 
go  every  five  minutes,  at  a  similar  charge  to  that  of  tramways. 

To  avoid  crossing  under  the  town  railway  it  is  assumed  that  the 
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lines  are  only  branch  lines  from  the  stations  of  the  town  railway 
There  the  lines  would  end.    Besides  the  railway  from  Belle- 
Alliance-Platz  and  from  Wedding  to  the  town  railway  station 
later  on  other  branch  lines  woald  complete  the  system. 

As  regards  the  question  how  the  line  is  to  be  carried  out  with 
ascending  and  descending  streets  electricity  is  very  adaptive ;  it 
is  the  difference  of  the  currents  opposed  to  one  another  which  is 
available  as  tractive  force.  A  slight  difference  in  the  velocity  of 
the  trains  would  greatly  increase  the  actual  tractive  force. 


ON  ELECTRO-TECHNICAL  AIDS  AGAINST  FIRE- 
DAMP IN  MINES.* 

Gentlemen, — The  cause  of  this  communication  is  the  horror, 
which  I  and  we  all  feel,  when  we  read  in  the  newspapers  that 
many,  often  hundreds  of  human  lives  are  struck  down  again  in  a  mine 
by  fire-damp.  This  happens  with  fearful  regularity  in  the  mines 
of  all  countries,  and  one  does  not  note  that  anything  effective  has 
been  done  to  obviate  these  unfortunate  catastrophes,  or  see  that 
in  course  of  time  greater  safety  is  obtained.  Electricity  is  very 
often  a  help  in  need,  and  it  appears  to  me  to  be  an  important 
problem  for  the  Electro-Technical  Society  to  bring  this  question 
affecting  humanity  before  it.  I  think  that  this  also  will  not  be 
without  advantage,  as  in  fact  many  attempts  made  a  long  time 
ago,  but  which  have  remained  without  effect,  owing  to  the 
technical  knowledge  of  that  time  not  being  yet  sufficiently 
developed,  now  appear  practicable.  It  is  always  well  in  such  cases 
to  undertake  a  revision  from  time  to  time,  and  to  illuminate  all 
that  did  not  formerly  appear  practicable,  with  the  knowledge  and 
understanding  of  the  present  time.  I  should  like  therefore  first 
to  give  you  a  short  review  of  the  causes  of  these  fearful  explosions, 
and  the  means  which  are  applied  to  avoid  them,  so  far  as  I,  a 
layman,  know  it,  for  I  am  no  miner,  and  can  therefore  consider 

*  (Address  in  the  Electro-Tachnical  Society  on  the  25th  May,  1880.)    1880. 
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fire-damp  only  from  a  chemical  and  physical^  and  not  from  a 
purely  mining  standpoint. 

Fire-damp  consists  as  is  known  of  mine  or  marsh  gas,  a 
combination  of  four  equivalents  of  hydrogen  and  two  of  carbon. 
It  appears  as  if  in  its  formation  a  special  chemical  agent,  time, 
plays  the  most  essential  part.  In  the  course  of  long  intervals  of 
time,  chemical  actions  take  place,  which  we  in  the  short  space  of  time 
which  is  at  our  disposal  in  the  laboratory,  cannot  imitate.  Lignite, 
coal,  anthracite,  are  pix)duced  in  this  order  from  stores  of  wood, 
which  are  carbonized  in  course  of  time,  not  by  heat,  but  through 
the  influence  of  time.  In  the  course  of  time,  apparently,  water  is 
secreted  from  the  substance  of  the  wood.  This  is  decomposed  at 
the  moment  of  its  becoming  free,  the  oxygen  has  combined  with 
carbon  from  the  great  carbon  stores  to  form  marsh  gas,  and  thus 
the  two  dangerous  kinds  of  mine  gas  are  formed,  asphyxiating 
carbonio  acid,  and  combustible  marsh  gas,  which,  mixed  with 
atmospheric  air,  forms  the  so-called  fire-damp.  Thus  originated, 
it  at  once  follows  that  no  coal  field  can  be  quite  free  from  it.  It 
is  even  to  be  assumed  that  the  greater  part  of  the  gases  formed  in 
the  course  of  time— probably  to  be  reckoned  by  millions  of  years — 
have  by  degrees  disappeared  through  the  overlying  stone  and 
earth  layers,  and  that  we  have  only  to  do  with  a  remaining 
balance.  Hardly  any  coal  field  can  be  quite  free  from  it.  When 
such  a  field  is  opened  by  a  shaft  or  adit,  and  so  brought  into 
communication  with  the  atmosphere,  the  gas,  which  partly 
condenses  on  the  surface  of  the  pieces  of  coal,  and  is  partly  found 
in  the  gaseous  state  in  its  existing  pores,  must  get  into 
equilibrium  with  the  atmospheric  air,  and  a  corresponding 
outfiow  of  the  same  take  place.  This  development  of  combustible 
gas  must  increase  with  diminishing  pressure  of  air.  The  great 
mischievous  explosions  of  fire-damp  therefore  occur  mostly  after  a 
considerable  fall  of  the  barometer.  The  light  methane  collects 
first  at  the  roofs  of  the  mines  and  then  gradually  mixes  by 
diffusion  with  atmospheric  air,  which  in  some  circumstances  is 
accelerated  by  motion  of  the  air.  Then  the  danger  first 
arises.  The  methane  is  indeed  very  combustible,  but  is  only 
explosive  if  it  is  mixed  with  air,  therefore  with  oxygen  in 
sufficient  proportion,  so  that  a  simultaneous  combustion  of  the 
whole  quantity  can  take  place.    It  follows  immediately  from  this 
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that  it  is  hardly  possible  to  obviate  entirely  the  danger  from 
fire-damp. 

This  can  be  attempted  in  three  ways  :  one  wonld  be  in  principle 
altogether  to  prevent  the  gas  from  passing  from  the  bed  into  the 
pit  air.  The  second  wonld  be  to  make  the  exnding  gas  at  once 
innocuous  and  before  a  dangerous  mixture  takes  place  ;  this  can 
be  effected  by  ventilation  or  combustion.  The  third  would  be  a 
suitable  signal  system,  which  indicates,  not  only  to  the  workers 
in  the  pit  itself,  but  also  to  the  officials  outside  of  the  pit, 
continuously  and  automatically,  what  is  the  condition  of  the 
development  of  methane,  and  its  distribution  in  the  pit,  so  that 
no  people  may  be  left  in  it  when  danger  is  anticipated,  and  they 
may  be  called  back  at  the  right  time  if  it  occurs  during  work. 
These  are  the  three  ways  in  which  the  enemy  can  be  attacked, 
and  the  endeavour  at  least  be  made  to  render  it  innocuous.  The 
best  and  most  workable  method  will  always  be  a  good  ventilation 
of  the  mine.  This  is  always  carried  out  and  mostly  with  great 
care  everywhere,  and  it  is  the  means  of  obtaining  the  great  masses 
of  coal,  without  too  great  a  loss  of  life.  The  second  aid  generally 
used  is  the  employment  of  the  beneficial  invention  of  Humphry 
Davy  of  the  miner's  lamp.  It  depends  on  the  extinguishing 
of  flame  when  cooled  below  glowing  heat.  If  the  flame  of  a 
candle  is  held  below  a  small-meshed  wire  netting,  ic  only  burns  up 
to  this  netting.  The  wire  netting  withdraws  much  heat  from 
the  burning  gas  passing  through  it,  and  as  the  flame  cannot  exist 
without  being  at  a  glowing  heat,  it  is  extinguished  inside  the 
netting.  If  therefore  a  lamp  is  surrounded  with  good  small  wire 
netting,  an  explosion  cannot  pass  through  the  netting,  and  will 
therefore  not  kindle  the  explosive  gas  on  the  outside  of  it.  The 
miner  can  see  from  the  peculiar  jerking  of  the  flame,  that  danger 
is  present.  This  is  a  certain  and  readily  applicable  means  which 
has  saved  the  lives  of  thousands.  Unfortunately,  however,  the 
experience  of  the  last  half  century  shows  that  it  does  not  suffice  ; 
for,  if  it  sufficed  we  should  not  have  so  many  continued 
explosions,  and  the  frequent  accidents  due  to  murderous  fire- 
damp,  which  I  must  say  to  the  disgrace  of  science  and  practice 
still  so  frequently  occur  in  the  world,  should  cease,  or  at  least 
happen  only  seldom.  But  hardly  a  month  passes,  in  which  such 
a  destructive  explosion  is  not  mentioned  in  the  public  prints. 
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This  proves  irrefiitablj,  that  the  existing  means  do  not  snfiBce^ 
and  that  others  mast  be  sought. 

Already  many  scientific  and  practical  men  have  busied 
themselves  with  this  question,  and  have  proposed  other  means. 
Davy  himself,  then  Graham,  a  celebrated  English  chemist,  closely 
studied  the  nature  of  fire-damp  in  certain  pits,  which  were 
specially  dangerous,  and  ascertained  the  chemical  properties  of 
methane.  Graham  *  in  particular  has  found  that  finely  divided 
platinum  does  not  act  by  catalysis  on  pure  methane  as  it  does 
on  other  hydro-carbons.  Graham's  authority  has  been  the 
reason,  why  finely  divided  platinum  has  remained  out  of  use  as  a 
means  of  indicating  the  existence  of  methane  down  to  the  present 
time.  Payerne  f  iu  Paris  certainly  made  the  proposal  in  the  year 
1847,  to  erect  pumps  in  the  pit,  which  should  pump  the  air 
through  large  diaphragms  which  were  covered  with  platinum  black 
or  platinum  sponge.  He  says,  in  opposition  to  Graham  and  Dr. 
Ure,  that  methane  would  bum  slowly  through  the  contact  action 
of  finely  divided  platinum,  and  thus  dangerless  purification  of  the 
air  from  methane  would  take  place.  This  proposal  has  not  been 
followed  up.  Probably  it  is  the  costliness  of  the  necessary 
quantity  of  platinum  which  has  rendered  it  impracticable. 

In  the  year  1868  Delaurier  %  made  a  quite  original  proposal  to 
the  Paris  Academy  on  the  safety  of  workers  against  explosions  of 
fire-damp.  He  proposed  to  lay  an  insulated  wire  through  the 
whole  pit,  which  should  be  made  thin  at  different  parts,  and 
covered  with  flowers  of  sulphur.  Before  the  miners  entered  the 
pit,  the  current  from  a  strong  galvanic  battery  should  be  sent 
through  the  wire.  This  would  heat  the  thinned  portions  of  the 
wire  and  kindle  the  sulphur,  which  in  its  turn  would  explode  the 
fire-damp,  if  any  existed.  If  no  explosion  took  place,  the  miners 
could  enter  the  pit  with  safety.  This  proposal,  testing  by 
explosion  before  the  entrance  of  the  miners  into  the  pit,  appears 
well  worthy  of  attention. 

The  third  method  proposed  consists  in  organizing  a  good 
signalling  system^  which  affords  the  necessary  means  of  perceiving 

*  Chemical  Gazette,  Dec.  1845,  No.  75.    Disgler*8  Polytechniches  JoumaL 
Vol.  99,  p.  188. 
t  Bingler's  Polytechnisches  Journal,  Vol.  103,  p.  153. 
t  Biugler's  Polytechnisches  Journal,  Vol.  190,  p.  339. 
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the  danger  at  the  right  time,  and  of  removing  it  by  properly 
arranged  ventilation,  before  the  gas  mixture  becomes  explosive. 

Ansell  in  London  proposed  in  1867  *  to  diminish  the  danger 
of  fire-damp  by  setting  up  apparatus,  which  by  electrical  means 
should  point  out  the  collected  methane,  in  the  pit  as  well  as 
outside  of  it.  His  apparatus  depended  on  the  phenomenon  that 
many  materials,  such  as  india-rubber,  marble,  &c.,  are  im- 
permeable to  atmospheric  air,  but  easily  so  to  methane  and  many 
other  gases,  hence  if  an  india-rubber  bladder  filled  with  air  is 
brought  into  a  space  filled  with  methane,  the  latter  must  stream  in 
through  the  wall  of  the  india-rubber,  and  in  consequence  expand  the 
bladder.  Ansell  therefore  constructed  an  apparatus,  by  which  the 
increase  of  pressure  produced  by  endosmose,  in  the  interior  of  an 
air  space  closed  with  an  india-rubber  or  marble  plate,  was  employed 
for  bringing  about  a  contact,  by  which  an  electric  warning  signal 
was  given  at  any  desired  place.  This  ingenious  proposal  has  so 
far  as  I  know  received  no  practical  application.  Perhaps  this 
circumstance  was  in  fault,  that  a  collection  of  carbonic  acid  also 
acts  osmotically  like  methane,  hence  it  could  not  be  known  for 
certain  which  gas  was  indicated  by  the  apparatus. 

Dr.  Van  der  Weyde  proposed  in  1870  f  a  modification  of 
Ansell's  apparatus,  whilst  A.  Winkler  proposed  in  1879  %  to  make 
frequent  analyses  of  the  methane  occurring  in  the  air  of  the  pit, 
by  determining  the  diminished  specific  gravity  of  the  pit  air, 
owing  to  the  methane  mixed  with  it.  Lastly  an  anonymous  writer 
signed  A.  P.  in  1877,§  proposed  by  means  of  continuous  induc- 
tion sparks,  to  ignite  the  combustible  mixture  of  atmospheric  air 
and  methane  in  a  vessel  enclosed  with  wire  cylinders,  and  by 
means  of  the  resulting  explosion  to  establish  a  contact,  which 
should  give  a  danger  signal. 

Latterly  a  student  of  the  name  of  Komer  in  Freiberg  has 
taken  a  German  patent,  No.  6,179,  for  an  apparatus,  which 
depends  on  the  slow  combustion  of  methane  by  finely  divided 
platinum  (platinum  black  or  sponge)  which  was  denied  by 
Oraham,    but  employed    by  Payerne    for    his    proposal,    who 

*  DInglor*8  Polytechiiisches  Journal,  Vol.  183,  p.  552. 
t  Dingler's  Polytechnisclies  Journal,  Vol.  196,  p.  513. 
X  Ibid,,  Vol.  231,  p.  280. 
§  Ibid,,  Vol.  226,  p.  610. 
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maintained  it  in  contradiction  to  Grabam  and  Dr.  Ure.  He 
means  to  use  the  heat,  produced  by  this  slow  combustion,  to  heat 
a  mercury  thermometer,  and  to  avail  himself  of  the  rising 
mercury  column,  for  the  production  of  contacts  in  the  same  way 
«s  Ansell  employed,  to  give  signals  of  threatening  dangers. 
I  will  not  enter  more  closely  here,  on  the  somewhat  complicated 
telegraphic  mechanism  to  indicate  outside  of  the  pit,  the  number 
or  the  place  of  the  apparatus  announcing  the  danger. 

As  follows  from  the  above  historical  summary  of  the  proposals 
hitherto  made  that  have  come  to  my  knowledge,  to  guard  against 
the  Mghtfully  great  loss  to  life  and  property  which  are 
occasioned  continually  by  fire-damp,  besides  ventilation  and  the 
safety  lamp,  there  are  yet  other  means  either  to  prevent  the 
collection  of  fire-damp  to  a  dangerous  extent,  or  to  give 
information  of  the  danger  at  the  right  time,  and  thereby  to 
prevent  losses.  So  far  as  I  know  these  have  never  hitherto  been 
applied  in  practice.  It  is  possible  that  experiments  have  been 
made  with  some  of  these  proposals,  and  that  the  same  have  not 
proved  satisfactory.  But  if  the  theory  is  correct,  a  few 
unpromising  experiments  should  not  throw  cold  water  on  it,  as 
practical  difBculties  can  almost  always  be  overcome.  Besides 
electric  practice  in  recent  times  has  made  special  advances,  and 
much  can  now  be  easily  and  safely  carried  out,  which  formerly 
f instrated  all  e2brts.  It  is  therefore  well  worth  while  to  test  the 
question  of  the  increased  safety  of  coal  mines  against  fire-damp  in 
oonnection  with  proposals  hitherto  made,  and  having  regard  to  the 
present  standpoint  of  engineering. 

The  possibility  of  preventing  the  evolution  of  methane  in  general 
by  the  production  of  a  permanent  surplus  pressure  throughout  the 
whole  of  the  mine,  is  indeed  hardly  to  be  questioned,  for  already  the 
filight  alteration  of  atmospheric  pressure  is  so  very  remarkable. 
Probably  an  excess  pressure  slightly  exceeding  these  fluctuations 
would  suffice,  not  only  to  prevent  every  evolution  of  methane,  but 
on  the  contrary  air  would  be  frequently  driven  through  the  coal 
beds,  and  these  be  thereby  gradually  freed  from  methane.  But 
whether  actually  by  powerful  ventilation,  and  suitable  blocking 
arrangements,  an  excess  pressure  can  be  produced  in  the  pit,  will 
first  have  to  be  established  in  each  separate  case.  As  a  rule 
probably  it  will  not  be  possible  to  carry  out  this  method.    The 
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nninterrupted  freeing  of  the  air  of  pits  from  methane  proposed  by 
Payeme  by  repeated  forcing  through  finely  divided  platinum 
is  stiU  less  feasible  for  general  application.  The  great 
variation  alone  of  the  evolution  of  methane,  to  say  nothing  of 
its  costliness,  would  make  this  method  inapplicable  and  even 
dangerous.  The  method  proposed  by  Delaurier  to  make  at 
different  parts  of  the  pit  galvanic  explosion  tests  before  the  entrance 
of  the  workmen  into  it,  is  on  the  contrary  worthy  of  notice  as 
already  remarked.  This  could  be  carried  out  with  greater  safety 
and  with  proportionately  less  labour  and  cost,  with  the  present 
widely  developed  state  of  galvanic  means  of  exploding.  Truly 
protection  against  explosions  during  working  would  not  always  be 
thus  attained.  In  order  also  to  obtain  this,  at  very  many  and  espe- 
cially the  high  lying  and  particularly  exposed  places,  there  would 
have  to  be  igniting  places,  as  for  instance  open  flames  always  certain 
to  act.  The  light  methane  always  in  the  first  instance  collects 
on  the  roofs  of  the  inner  spaces  (adits,  etc.)  of  the  pits,  and  mixes 
gradually  through  diffusion  and  currents  of  air  with  the  atmo- 
spheric air  into  an  explosive  mixture.  If  it  is  ignited,  before  this 
mixtm*e  takes  place,  an  innocuous  quiet  burning  of  the  gas  takes 
place,  which  gives  the  workmen  time  to  withdraw.  To  secure  the 
pits  against  explosions  by  many  open  flames  brought  near  the  roof,, 
and  at  the  same  time  to  illuminate  them,  has  been  already  proposed 
so  far  as  I  know.  Gas,  petroleum  or  oil  flames,  however,  quickly 
consume  the  oxygen  of  the  air  in  the  pits,  and  mix  with  their 
non-breatheable  products  of  combustion.  The  same  object  would 
be  gained  by  means  of  electric  illumination,  Avithout  this  dis- 
advantage. At  present  20  or  30  small  electric  b'ghts  can  be 
placed  on  a  single  circuit  which  can  be  supplied  from  a  machine 
above  ground,  and  can  at  all  times  be  simultaneously  lighted  and 
extinguished.  The  proportionally  slight  cost  of  this  pit  illumi- 
nation would  be  more  than  balanced  by  the  better  and  quicker 
work  with  brighter  illumination.  If  the  lamps  are  lit  sometime 
before  the  entrance  of  the  workmen,  and  are  kept  alight  during 
working  time,  hardly  any  great  misfortune  will  have  to  be 
I'egistered  on  account  of  fire-damp.  In  many  cases  indeed  the  not 
altogether  inconsiderable  cost  of  the  first  installation,  the  sb'ght 
thickness  of  the  coal  beds,  and  the  great  extension  of  the  field 
of  work  will  not  allow  of  the  application  of  this  method  of 
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safety.  The  proposals  of  Ansell  and  Eomer  farther  present 
efficient  means  for  the  prevention  of  accidents  by  fire-damp. 
Both  proposals  amount  as  already,  stated  to  setting  up  at  different 
and  especially  at  dangerous  portions  of  the  pit  instruments  which 
indicate  the  appearance  of  methane,  both  to  the  workers  employed 
in  the  pit,  and  to  places  outside  it.  If  the  apparatus  are  certain 
to  act  under  all  circumstances,  and  if  they  are  arranged  in 
sufficient  number  and  in  the  right  places  in  the  pit,  then  the 
security  given  by  such  a  system  of  control  will  be  a  tolerably 
sufficient  one.  Ansell's  annunciator  for  methane  acting  by 
endosmose  can  be  set  up  very  simply  and  cheaply.  You  see 
before  you  such  an  apparatus  which  simply  consists  of  a  metal 
ring,  the  openings  of  which  are  closed  by  an  india-rubber 
membrane.  One  of  these  membranes  is  provided  at  the  centre 
with  a  little  piece  of  sheet  platinum  to  which  a  wire  is  soldered 
which  leads  to  a  terminal.  Nearly  opposite  to  the  little  platinum 
plate  is  a  contact  screw,  which  is  in  conductive  connection  with 
another  terminal.  If  the  air  in  which  the  little  apparatus  stands 
becomes  saturated  with  methane,  this  latter  penetrates  through  the 
india-rubber  and  increases  the  volume  of  the  enclosed  air.  The 
little  platinum  plate  therefore  comes  into  contact  with  the  contact 
screw,  by  which  the  circuit,  to  which  the  apparatus  was  connected 
by  means  of  its  two  terminals,  is  closed.  If  a  galvanic  battery 
and  one  or  more  bells  are  inserted  in  it,  these  will  sound  and  show 
danger.  If  to  each  of  these  apparatus  a  special  conductor  is  con- 
nected up  to  the  surface,  or  if  at  least  the  apparatus  is  divided  into 
groups,  of  which  each  has  its  special  leading  wire  (using  the  earth 
as  return  circuit),  it  may  be  at  once  discovered  which  apparatus 
or  which  group  has  given  warning  of  danger.  It  may  be  men- 
tioned as  a  defect  .in  this  arrangement,  that  on  the  one  hand 
there  is  a  doubt  whether  methane  or  carbonic  acid  gas  has  given 
the  alarm  signal,  as  well  as  on  the  other  that  after  removal  of  the 
gas  mixture  giving  the  alarm  a  considerable  time  elapses  before 
the  gas  which  enters  is  again  driven  out  by  exosmose,  and  the 
contact  thereby  again  automatically  broken.  The  Eomer  apparatus 
is  free  from  these  two  disadvantages,  as  it  depends  on  the  heating 
of  finely  divided  platinum  through  slow  combustion  of  the  methane. 
On  the  other  hand  it  must  appear  doubtful,  setting  aside  the  un- 
necessary complicated  construction  of  the  indicating  apparatus, 
whether  the  heating  of  the  platinum  black  by  smaD  quantities  of 
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the  mixed  methane  woald  take  place  with  certainty  nnder  all  cir- 
cnmstances.  As  already  mentioned,  the  celebrated  Professor 
Oraham,  the  discoverer  of  osmose,  fonnd  in  his  experiments  on 
pare  methane,  which  continually  streamed  from  one  place  in  a  coal 
pit,  that  it  does  not  bum  slowly  by  contact  with  cold  platinnm 
black,  like  other  hydro-carbons  and  hydrogen,  and  mentioned  this 
as  a  means  of  distinguishing  methane.  Payeme  denied  this, 
without,  as  it  appears,  having  found  credit  with  the  chemists.  I 
at  least  have  not  become  aware  of  farther  decisive  experiments. 
A  series  of  experiments,  which  Dr.  Fellinger  has  carried  out  in  my 
laboratory  have  now  however  definitely  proved  that  pure  methane 
produced  from  lead  acetate  in  fact  combines  with  oxygen  by  the 
catalytic  action  of  platinum  black,  even  if  the  platinum  black  is 
not  heated,  just  like  hydrogen  and  other  gaseous  hydro-carbons. 
Besides  the  catalytic  action  of  platinum  black  is  constant  to  so 
great  an  extent  as  to  render  it  applicable  to  the  construction  of  a 
methane  annunciator. 

Less  serviceable  than  endosmose  and  catalytic  action  of  platinum 
appears  to  be  the  method  proposed  by  Winkler  in  1879  of  the 
indication  of  methane  by  determining  the  reduction  of  the 
specific  gravity  of  the  pit  air.  In  the  first  place  weighings  of 
that  kind  require  veiy  exact  determinations  with  large  balloons, 
which  are  very  difficult  to  apply  in  damp  narrow  pit  galleries,  and 
to  maintain  in  order,  and  secondly  fiuctuations  of  atmospheric 
pressure  and  of  carbonic  acid  quite  falsify  them.  But  both  the 
Ansell  and  Eomer  methods  of  testing  for  methane  have  the 
disadvantage  that  they,  setting  aside  disturbances,  prove  only 
a  certain  degree  of  admixture  of  methane.  Asa  slight  admixture 
of  methane  even  with  the  most  powerful,  fiilly  sufficient  ventila- 
tion cannot  be  entirely  avoided,  the  apparatus  only  indicates, 
whether  the  permissible  degree  of  mixture  is  exceeded  or  not,  but 
give  no  certain  indication  in  what  degree  it  is  the  case,  and 
whether  the  admixture  of  methane  increases  with  threatening  speed 
or  remains  constant.  This  can  be  obtained  in  a  very  satisfactory 
manner  by  using  instead  of  the  ordinary  mercury  thermometer, 
as  Komer  did,  thermo-electric  elements.  You  see  here  three  such 
elements  of  which  one  side  is  covered  with  a  thin  layer  of  platinnm 
black.  Each  of  these  elements  communicates  through  a  leading 
wire  with  common  return  conductor  with  a  galvanometer,  which 
in  practice  would  be  fixed  in  the  pit  house.    As  soon  as  a  small 
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qaantity  of  methane  or  common  illaminating  gas  is  brought  under 
one  of  these  bells,  beneath  which  the  thermo-electric  elements  are 
placed,  the  corresponding  needle  is  deflected.  The  amount  of  the 
deflection  now  constitutes  a  measure  of  the  quantity  of  methane 
mixed  with  the  air.  If  a  series  of  such  thermo-electric  indicators 
is  assumed  to  be  arranged  in  suitable  places,  and  the  conductors 
to  end  in  the  pit  house,  the  deflections  of  the  galvanometer  give  a 
true  picture  of  the  actual  mixture  of  methane  in  the  different 
parts  of  the  pit.  The  engineer  in  charge  can  therefore  set  the 
ventilating  apparatus  at  work,  in  order  to  prevent  an  increasing 
mixture  of  methane,  or  in  case  actual  danger  already  approaches, 
to  give  an  electric  bell  signal,  which  calls  the  workman  back  from 
the  pit.  As  is  shewn  by  the  arrangement  brought  forward,  the 
osmotic  and  catalytic  methods  may  be  combined  and  the  one 
used  to  control  the  other.  The  osmose  indicators  would  then  be 
so  placed,  that  they  first  announced  the  actual  arrival  of  danger 
by  sounding  beUs  in  and  out  of  the  pit,  whilst  the  c&talytic 
indicator  by  the  deflection  of  the  galvanometer  needle  showed, 
that  the  mixture  of  foreign  gas  consists  of  methane  or  some  other 
combustible  gas  and  not  of  carbonic  acid,  and  shows  at  the  same 
time  the  place  and  character  of  the  accumulation  of  the  dangerous 
gaseous  mixture.  The  disadvantage  of  the  thermo-electric  in- 
dicator in  comparison  with  the  Eorner  proposal,  viz.  that  it 
necessitates  a  great  number  of  insulated  condactors,  is  less  im- 
portant in  the  present  state  of  technical  science,  as  a  great 
quantity  of  sufficiently  insulated  conductors  can  be  combined 
into  a  cable  at  comparatively  speaking  small  cost.  Even  if  no 
mechanical  arrangement  acts  quite  certainly,  and  consequently 
through  the  proposals  made  no  absolute  safety  against  fire-damp 
is  to  be  obtained,  it  yet  appears  quite  evident,  that  the  safety  of 
pitmen  is  increased  in  a  very  great  degree  by  the  methods 
described.  The  Electro-technical  Society  will  often  it  is  hoped 
have  to  busy  itself  with  this  important  question.  If  this  sugges- 
tion brings  it  about  that  the  question  of  greater  safety  against 
injury  through  fire-damp  is  taken  into  close  consideration  and  it 
is  recognized  by  it  that  besides  ventilation  and  Davy's  lamp,  there 
are  other  means,  to  all  appearances  practicable,  and  that  it  is  a 
daty  to  test  their  practical  applicability,  an  incontestable  advantage 
has  been  gained. 
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MACHINE  FOR  THE  SEPARATION  OP  MAGNETIC 
AND  NON-MAGNETIC  ORES.* 

Gentlemen, — It  is  properly  speaking  a  very  old  question^ 
aboat  which  I  wish  to  address  a  few  words  to  you.  The  well 
known  and  frequently  used  power  of  the  magnet,  to  attract  iron^. 
has  been  used  in  industry  about  as  long  as  magnets  have  existed. 
Iron  has  always  been  removed  by  steel-magnet  combs  from  shavings ;. 
to  pass  over  at  once  to  the  very  latest  times,  since  the  introduction 
of  grinding  with  cylinders  instead  of  with  stones  it  has  been  the 
custom  to  use  magnets  in  flour  mills,  in  order  to  remove  pieces  of 
iron  from  the  com,  as  such  a  piece  of  iron  falling  in,  would 
destroy  the  cylinder.  As  a  rule  it  is  so  arranged,  that  stoc^ 
magnet  combs  are  fixed  behind  one  another  in  diflferent  positions,, 
so  that  the  substance  in  question  &lls  from  one  comb  to  the  next ; 
the  iron  remains  resting  on  the  combs  and  is  then  wiped  off  from 
time  to  time.  Cylinders  have  also  been  made,  which  consist  of 
genuine  magnets,  the  poles  of  which  are  directed  outwards  and 
on  which  the  corn  to  be  cleaned  is  allowed  to  fall,  and  which  are 
turned  round  so  that  during  the  rotation  the  iron  remains  attached, 
and  is  then  removed  by  brushes.  This  acts  very  well,  but  is  only 
applicable  where  powerful  attracting  forces  are  available,  there- 
fore where  metallic  iron  is  to  be  removed,  further  where  no- 
great  quantities  are  to  be  treated,  for  this  process  is  rather 
complicated. 

I  was  induced  to  construct  the  apparatus  by  a  Belgian  company 
who  worked  zinc  ore  in  Spain,  and  who  there  crushed  a  calamine- 
ore,  enclosed  in  an  iron  ore,  I  believe  a  spathose  ore,  which  is  very 
difficult  to  separate  from  it,  so  that  the  crushed  pieces  consist  of  a 
mixture  of  spathose  ore,  and  calamine ;  these  could  not  be  separated, 
from  each  other  by  any  mechanical  dressing ;  the  whole  of  the  iroih 
had  to  undergo  the  distillation  process,  and  that  required  much  coal, 
which  is  very  costly  there.  The  director  of  the  company  came  to  me- 
and  asked,  whether  we  could  not  make  him  a  machine,  which  could 
separate  the  ore,  about  20  tons  daily.    I  first  of  all  declined,  bat 

*  (Address  to  the  Verein  zor  Beforderung  des  Gewerbfleisses  on  the  7th. 
June,  1880.)    1880. 
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the  gentleman  insisted,  and  we  made  an  agreement  which  guarded 
the  interests  of  both  sides.  Then  I  thought  out  the  question 
further,  and  have  so  arrived  at  this  machine. 

When  we  consider  the  technical  points  we  find  there  are  three 
important  ones  which  our  construction  must  embody.  The 
magnets  must  only  hold  what  comes  into  their  immediate 
proximity  ;  if  made  too  strong  they  would  also  hold  non-metallic 
pieces ;  and  therefore  the  magnetic  attractive  force  must  not  be  too 
strong.  It  is  further  necessary  to  give  the  magnets  abundant 
opportunity  for  selection,  so  as  to  bring  all  parts  of  the  mixed 
ore  passing  through  into  actual  contact  with  a  magnet  pole. 
Therefore  many  magnet  poles  must  be  provided,  and  these  must 
be  arranged  with  opposite  poles  presented  to  each  other,  so  that 
by  magnetic  induction  the  adherence  may  be  increased,  and  sa 
larger  pieces  may  be  retained.  A  second  principle  must  be,  that 
the  removal  of  the  magnetic  pieces  takes  place  continuously^ 
above  all  things  the  whole  process  must  be  continuous,  otherwise 
large  quantities  cannot  be  treated  ;  electro-magnets  which  become 
alternately  magnetic  and  non-magnetic  cannot  be  here  employed 
as  these  require  too  much  electric  work,  and  do  not  produce 
apparatus  which  can  do  much  work,  therefore  an  arrangement 
must  be  made  so  that  what  is  held  fast  by  the  magnets  is  continu* 
ally  wiped  oflf.  Now  you  see  here  a  machine,  which  I  have 
constructed  upon  these  bases  (fig.  175).  It  consists  of  a  some- 
what steeply  inclined  axle  provided  with  a  screw  thread,  around 
this  screw  thread  a  fixed  brass  tube  is  placed  (the  axle  is  of  steel, 
but  the  screw  and  tube  of  brass),  the  tube  is  slit  above  and  bent 
and  provided  with  a  striker,  which  lies  tangentially  inside  on  the 
magnetic  hollow  cylinder ;  this  hollow  cyUnder  consists  of  plain 
iron  discs,  which  lie  near  together,  and  are  separated  from  one 
another  by  brass  rings  lying  between  them  outside.  These  iron  disca 
are  connected  by  iron  bars  so  that  they  form  peculiarly  shaped 
horse-shoe  magnets,  the  ring-shaped  poles  of  which  form  the  inner 
wall  of  the  hollow  cylinder.  The  magnetization  is  effected  by 
insulated  wires,  which  are  wound  on  between  the  discs  before  the 
fixing  of  the  outer  iron  bars.  The  first  space  has,  for  a  reason  ta 
which  I  shall  refer  later,  only  a  few  windings,  the  next  more,  and 
only  at  the  end  are  they  wound  completely  fiill.  By  means  of  the 
electric  current  traversing  the  windings  a  regular  sequence  of 
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north  and  sonth  poles  is  prodnced.  We  have  fcherefoie  a  smooth 
cjlindiical  surface,  whioh  consists  of  plain  ring-shaped  north  and 
south  poles,  lying  close  to  one  another.  The  hollow  cylinder  thus 
formed  of  magnetic  discs  of  alternating  polarity  is  connected  at 
the  one  end  with  the  axle  of  the  apparatus  by  means  of  a  disc, 
and  at  the  other  it  is  carried  on  the  fixed  inner  brass  tube.  The 
material  to  be  separated  is  fed  into  the  first  end  of  the  hollow 
cylinder,  and  then  slowly  passes  through  the  somewhat  obliquely 
placed  rotating  cylinder.  It  must  then  pass  the  rotating  ring- 
shaped  magnet  poles,  which  take  hold  of  the  magnetic  parts,  and 
carry  them  up  where  they  are  caught  by  the  striker,  and  thrown 
into  the  fixed  inner  tube,  from  which  they  are  screwed  out  by 
a  screw.  If  at  the  commencement  there  were  too  strong  a 
magnetic  power,  all  the  magnetic  material  would  stick  fast  in  too 
great  a  mass  at  this  point ;  the  whole  space  would  be  filled,  and 
the  separation  would  be  aheady  entirely  effected  here  at  the  first 
ring,  or,  if  this  could  not  be  done,  the  apparatus  would  not  be  able 
to  turn  out  what  it  should ;  and  therefore  the  arrangement  is 
made  that  the  magnetism  should  gradually  attain  its  flill  strength, 
so  that  by  the  passage  of  the  ore  through  the  rotating  hoUow 
cylinder  always  increasing  magnetic  forces  act  on  the  magnetic 
portion  of  the  mixture.  How  powerful  the  current  is  to  be  made  de- 
pends on  the  nature  of  the  ore,  and  the  amount  of  its  roasting.  The 
current  of  a  small  dynamo  or  magneto-electric  machine  is  generally 
sufficient,  as  the  new  form  of  electro-magnet  which  is  here  used, 
produces  very  strong  magnetism.  It  has  been  found,  that  the 
calamine  to  be  separated  from  the  iron  ore  also  contains  some 
iron,  5  to  10  per  cent,  with  complete  roasting  ;  this  quantity  of 
iron  is  sufficient  to  hold  the  calamine  fixed  to  the  magnet  poles, 
if  too  powerful  currents  are  used.  There  is  no  actually  exact 
separatioD,  as  the  iron  also  contains  a  little  zinc.  On  this 
account  the  current  must  be  so  chosen,  that  the  desired  pro- 
portion of  separation  may  be  attained ;  this  can  be  arrived  at, 
by  rotating  the  current  generating  machine  proportionately 
quickly. 

It  appears  to  me,  that  such  a  machine  is  at  the  present  day  not 
without  value,  not  alone  for  the  special  occurrence  of  ore  for 
which  it  has  been  constructed ;  I  mean  that  there  are  also  other 
cases  where  it  is  desirable  to  separate  magnetic  from  non-magnetic 


456  THE   SCIENTIFIC  PAPERS,   ETC,    OF 

ores  or  other  subetances.  When  the  small  apparatus  sliown  here 
full  size  is  used,  it  gives  akeady  1  to  2  tons  an  hoar.  As  the 
machine  can  be  made  larger  at  will,  mnch  greater  quantities 
conld  also  be  worked  with  little  trouble  and  small  cost. 

Another  point  is  its  use  in  flour  mills.  I  have  recently  read  a 
notice  in  an  American  journal,  that  some  one  had  made  a  similar 
machine  there,  which  showed  the  surprising  fact,  that  there  was 
so  much  iron  in  com,  that  one  could  almost  start  a  forge  with  the 
iron.  It  would  be,  indeed,  a  small  matter,  if  the  corn  straight 
from  the  dealer  were  allowed  to  pass  through  such  a  machine,  and 
so  the  danger  be  overcome,  which  there  is  for  the  mills  when 
there  is  iron  in  the  com.  I  think,  therefore,  that  the  machine  is 
of  general  importance.  In  mj  opinion,  also,  the  construction 
is  as  simple  and  correct  as  possible.  One  can  hardly  think  of  it 
as  other  than  a  tube,  through  which  the  material  quickly  passes, 
and  which  rotates  quickly,  to  give  all  the  molecules  an  oppor- 
tunity of  touching  the  magnet  poles.  In  practice  the  machine 
has  operated  well,  the  purchasers  had  sent  a  ton  of  their  ore,  which 
in  the  space  of  an  hour  has  been  completely  separated. 


ELEOTRIC  PLOUGH.* 

In  the  mechanical  or  steam  ploughs  hitherto  used  it  is  necessary 
that  the  ground  to  be  worked  should  be  quite  level ;  further,  the 
existing  constmctions  do  not  render  it  possible  to  draw  furrows 
deviating  from  a  straight  line  and  presuppose  a  level,  regular, 
and  usually  rectangular  form  of  field  to  be  ploughed.  The 
electric  plough,  which  is  the  object  of  the  present  invention,  has 
in  view  the  removal  of  restrictions  appertaining  to  those  imple- 
ments, and  renders  it  possible  to  plough  fields  of  any  size,  with 
uneven  surfaces,  in  any  desired  straight  or  curved  directions, 
by  means  of  a  stationary  motor  even  at  some  distance,  or  a 
locomotive  set  up  as  desired. 

*  (German  Patent,  Na  12869  of  12t1i  September,  1880.) 
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The  electric  plough  is  shown  in  side  view  and  plan  in  the 
accompanying  fignrea  176  and  177.  The  frame  G  rests  on  thiee 
wheels,  B,,  B„  B,,  of  which  the  first  two  are  placed  on  the  main 
axle  A,  whilst  the  third  is  made  to  tarn,  so  that  the  carriage  can 
be  directed  by  its  means.     The  power  for  propelling  the  plongh 

Fiit  176. 


is  brought  from  a  primary  dynamo-electric  machine  set  in  motion 
by  any  desired  prime  mover,  by  means  of  the  conductors  L,,  L*, 
to  a  secondary  dynamo  machine  fixed  on  the  frame.  The  pro- 
pulsion of  tiie  plough  takes  place  by  means  of  driving  bars,  T„  T„ 
which  are  provided  with  suitable  metal  shoes,  S,,  S,,  which  catch 
into  the  earth,  and  by  properly  adapted  mechanism  are  pushed 
forward  and  drawn  back,  so  that  by  this  means  a  forward  motion 
of  the  carriage  is  etfecled.  The  mechanism  causing  the  oscillating 
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motion  of  the  driving  bars  can  be  carried  out  in  different  ways  by 
means  of  known  arrangements.  The  inventor  prefers  in  general 
the  use  of  such  mechanism^  as  is  customary  in  English  mangles^ 
and  such  is  shown  in  the  figure.  In  this  way  the  rotation  of  the 
armature  U  of  the  secondary  dynamo  effects  by  means  of  crown  or 
tooth  gearing  through  the  wheels  r^y  r^  the  rotation  of  the  pinions 
^1,  /a,  which  cause  the  pushing  forward  and  driving  back  of  the 
driving  bars,  T,,  Tj,  by  means  of  the  toothed  frames,  Z^,  Z,» 
These  frames,  Z^,  Zg,  are  provided  with  an  endless  inside  toothing,, 
and  have  a  nut  mnning  in  it,  in  which  the  projecting  axles  of  the 
pinion  wheels,  r^,  ra,  gear.  By  continuous  rotation  of  the  arma- 
ture U  of  the  djnamo  electric  machine  D,  the  internally  toothed 
frames,  Z,,  Z,,  and  with  them  the  bars,  T^,  Ta,  are  set  in  con- 
tinuous forward  and  backward  motion.  The  bars,  Ti,  T,,  thuft 
strike  against  the  earth,  as  the  shoes,  S^,  S,,  prevent  too  deep 
a  penetration  into  the  earth,  a  continuous  or  step  by  step  forward 
motion  of  the  vehicle  occurs  according  as  the  wheels,  fi,  t^  are  so 
set  in  the  frames,  that  they  drive  forwards  both  driving  bars 
at  the  same  time  or  alternately.  The  plough  share  fixed  to 
the  frame  G,  or  to  the  a.xle  A,  thus  makes  the  furrow.  Two 
plough  shares,  F^,  F,,  are  fixed  to  the  main  axle,  one  of 
which  comes  into  action  when  ploughing  in  one  direction^ 
the  other  in  the  subsequent  propulsion  of  the  plough  in  the  other 
direction.  For  changing  the  direction  of  motion  of  the  vehicle 
the  toothed  frames,  Zj,  Zj,  with  the  bars,  Ti,  Tj,  fixed  to  them 
are  reversed.  The  distance  of  the  plough  shares  from  one 
another  must  depend  on  the  depth  of  the  furrows.  Two  or  more 
plough  shares  can  be  placed  near  to  one  another  when  the 
conditions  of  the  soil  and  of  the  power  allow  it. 

In  the  plough  represented  in  the  figure  two  driving  bars, 
Ti,  Ta,  are  shown  for  driving  forward,  which  are  sufficient  for 
light  or  ordinary  soil  and  plain  furrows  ;  the  number  of  driving 
bars  can,  however,  without  essential  difficulty,  be  doubled  or 
trebled. 

Instead  of  the  mechanism  for  the  forward  and  backward 
motion  of  the  driving  bars  Ti,  Tj,  which  is  described,  winch 
or  reversing  mechanism  can  be  used. 

For  carrying  the  current  from  the  primary  to  the  secondary 
machine,  two  rollers,  t\,  4  &i^  used,  fixed  to  and  insulated  ttom. 
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the  frame  G,  which  are  always  in  condnctive  connection  with  the 
wire  cords,  d^^  d^  stretched  round  them  without  tension.  The 
insulated  rollers,  t^,  1^  communicate  with  the  terminals  of  the 
secondary  dynamo  machine,  whilst  the  wire  ropes,  ^1,  d^  which 
insulated  from  one  another  are  fixed  at  one  end  to  the  earth, 
at  the  other  are  connected  with  the  terminals  of  the  primary 
machine  through  suitable  conductors.  By  this  arrangement  it  is 
brought  about,  that  with  the  continuous  propulsion  of  the  plough 
the  conductive  connection  between  the  driving  and  driven 
dynamo  machine  is  always  maintained,  whilst  the  vehicle  during 
ploughing  can  make  deviations.  Instead  of  allowing  both  con- 
ducting wires,  insulated  from  one  another,  to  extend  on  the 
ground,  the  whole  length  of  the  furrows  to  be  ploughed,  and 
to  run  on  the  rollers  placed  on  the  plough,  metal  drums  can 
l)e  used,  which  are  driven  by  springs  or  friction  force,  and  from 
which  the  wire  ropes  unwind  by  the  forward  motion  of  the 
plough. 

The  touching  of  the  ground  by  the  conducting  wires  is 
harmless,  and  need  not  be  prevented. 

Patent  Claims. 

1.  Tne  propulsion  of  ploughs  by  secondary  dynamos  placed 
on  them. 

2.  The  shoving  forward  of  the  plough  by  driving  bars,  moving 
forwards  and  backwards  with  shoes  suitable  to  the  soil,  which 
grip  the  earth. 

3.  The  electrical  connection  of  the  primary  and  secondary 
machines  by  two  slightly  stretched  wire  lines  or  cords,  either 
carried  on  contact  rollers  placed  on  the  plough,  or  wound  on 
the  same. 


THE  ELECTRIC  LIFT.* 


The  transmission  of  power  by  dynamo  machines  has  found  a  new 
application  in  the  Uft  for  persons  set'  up  at  Mannheim  by  the 

*  (Journal  of  tLe  Electrotecbnische  Yerein,  October,  1880.) 
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firm  of  Siemens  and  Halske,  which  promises  to  be  of  considerable 
importance.  Lifts  for  passengers,  as  now  frequeutly  arranged  in 
lai^  hoteb  and  hnslDesa  places,  to  save  tlie  gneste  the  time  and 


tronble  of  going  np  by  the  stairs,  hare  hitherto  almost  without 
exception  been  arranged  hydraulically.  Rope  lifts  as  used  for 
I'aising  goods,  etc.,  are  not  considered  safe  enongh  for  passenger 
lifts.  The  hydraulic  lift,  is,  however,  very  costly  to  iniital,  and 
commercially  hardly  practicable,  as  it  necessitates  the  sinking  of 
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a  pressure  cylinder  of  a  depfch  eqnal  to  the  greatest  height  of  the^ 
lift  desired.  The  working  of  such  hydraulic  lifts  is  also  generally 
very  expensive,  as  every  separate  lifting  necessitates  the  filling 
of  the  pressure  cylinder  with  water  at  a  high  pressure. 

The  electric  lift  will  overcome  the  defects  of  the  hydraulic  lift^ 
without  being  less  safe  than  it.  It  depends  on  the  transmission 
of  power  by  means  of  dynamos.  The  small  weight  of  such  a 
machine  in  comparison  with  its  driving  power  allows  of  the- 
machine  being  placed  on  the  lift  to  be  moved,  and  of  bringing  to- 
it  by  wire  conductors  the  electric  current  producing  the  motion. 
The  arrangement  can  therefore  be  run  in  such  a  way  that  the 
machine  climbs  up  as  it  were  by  a  fixed  conductor  or  toothed 
rack  and  takes  with  it  the  cage  fixed  to  it.  This  fixed  conductor 
or  toothed  rack  can  be  made  of  such  strength  that  all  danger  of 
its  fracture  is  removed.  With  very  high  lifts  the  toothed  rack 
can  often  be  fixed  as  desired  to  the  walls  of  the  building  or  shafts 
so  that  it  is  not  necessary  to  carry  itself  its  whole  length. 

The  first  lift  of  this  kind  that  was  set  up  by  Siemens  and 
Halake  in  the  Mannheim  Industrial  Exhibition,  and  which  ther& 
served  to  carry  up  the  public  to  a  lookout  tower,  20  metres  high^ 
is  built  on  these  principles.  The  toothed  rack  L  (Fig.  178)  is  in 
this  case  a  ladder  formed  of  steel,  the  sides  of  which  are  of  triple^ 
steel  plates  of  5mm.  thickness  and  60mm.  breadth,  which  are  so 
riveted  together,  that  the  full  strength  of  at  least  two  plates  comes, 
always  into  play  in  each  of  the  two  side  pieces.  Both  sides  are 
connected  by  means  of  riveted  rings  of  round  steel,  15mm.  thick  to 
a  ladder-like  toothed  rack.  The  rings  are  at  a  distance  of  35mm. 
measured  from  centre  to  centre.  The  ladder  L  reaches  in  a 
perpendicular  position  from  the  top  of  the  lookout  tower  to  the 
ground,  and  is  firmly  fixed  above  and  below  to  strong  beams. 

The  ladder  passes  through  the  middle  of  the  cage,  under  which 
the  dynamo  M  is  placed,  surrounded  by  a  wooden  casing  closing  it 
in.  The  axle  of  this  dynamo  terminates  in  an  endless  screw  8^ 
which  turns  the  two  toothed  wheels  B^  and  B,,  which  on  both 
sides  gear  in  the  rungs  of  the  ladder.  A  lever  on  the  cage  is  sa 
connected  with  a  current  switch,  that  in  the  middle  position  of 
the  lever  the  circuit  is  broken,  whilst  the  positions  of  the  lever  to- 
right  or  left  bring  it  about,  that  the  dynamo  and  with  it  the 
driving   endless   screw  rotate  in  one  or  other  direction^  and 
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consequently  move  the  cage  ap  or  down.  By  proper  arrangements 
the  switching  over  is  performed  automatically  at  each  end  point 
of  the  rise  or  fall. 

The  pitch  of  the  driving  screw  is  so  small  that  the  lift  cannot 
run  down  when  the  current  is  interrupted.  But  nevertheless  to 
save  the  work  of  raising  the  load  of  the  cage  and  dynamo,  and 
approximately  to  equalise  the  performance  of  the  dynamo  with  the 
rise  and  fall  of  the  cage,  the  cage  and  its  mean  load  are  balanced 
by  a  weight,  which  hangs  from  two  wire  band  ropes  D.  The 
other  end  of  the  two  wire  ropes  running  over  two  rollers  at  the 
upper  end  of  the  observing  tower  is  fixed  to  the  cage.  This  wire 
rope  and  the  toothed  rack  also  simultaneously  serve  as  conductors 
of  the  electricity,  since  they  conductively  connect  together  the 
primary  and  secondary  dynamos.  The  ladder  L  is  touched  by 
two  pairs  of  rollers  brought  above  and  below  the  cage,  which 
carry  off  the  current  from  the  ladder  L  to  the  machine  M. 

By  means  of  the  electrical  lift  described  in  the  few  weeks  of 
its  use  in  the  Mannheim  Exhibition,  about  8000  persons  have 
been  carried  without  accident  up  and  down  the  observing  tower. 
The  velocity  amounted  to  about  0*5  metre  per  second. 

As  advantages  of  this  system  over  the  hydraulic  may  be 
mentioned  :  1,  the  comparatively  cheap  installation  and  easy 
erection  :  2,  the  cheap  working.  This  specially  is  of  value,  when  a 
motor  is  already  provided  for  driving  the  primary  dynamo,  or 
when  several  neighbouring  lift  proprietors  unite  in  arranging  for 
a  common  plant  for  working  them. 

For  lifting  goods,  building  materials,  etc.,  in  which  absolnte 
security  is  not  a  first  necessity,  as  in  the  case  of  passenger 
lifts,  the  above  described  lifting  arrangement  would  not  be  used 
except  perhaps  for  lifting  to  very  considerable  heights,  and 
instead  of  it  lifting  by  ropes  would  be  employed.  It  wiU, 
however,  in  many  cases  be  preferable  to  employ  electric  trans- 
mission for  turning  the  rope  drums.  Especially  for  building  and 
other  lifting  arrangements  for  temporary  use,  electrical  trans- 
mission of  power  appears  very  advantageous  on  account  of  the 
simplicity  and  ease  of  the  arrangement  and  erection. 
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THE  DYNAMO-ELECTEIC  MACHINES.* 

In  a  communication  which  was  made  to  the  Academy  by  my 
honoured  teacher  and  friend,  Martin  Magnus,  on  January  17th, 
1867,  I  denoted  by  the  name  'Mynamo-electric  machine/'  a 
machine  system,  in  which  the  steel  or  permanently  magnetized 
•electro-magnets  used  up  to  that  time  in  induction  machines  for 
the  production  of  electric  currents  were  replaced  by  electro- 
magnets, the  wire  windings  of  which  form  a  portion  of  the 
•circuit  of  the  induced  wire  coils.  I  showed  in  this  conmiunication, 
that  in  every  electro-magnetic  motor  turned  by  external  force  in  the 
opposite  direction  to  that  in  which  it  is  moved  by  a  galvanic  battery 
inserted  in  its  circuit,  an  unirterrupted  increase  of  the  current 
circulating  in  its  windings  must  take  place.  I  further  showed 
that  with  a  proper  construction  of  the  machine  the  magnetism 
remaining  behind  in  the  iron  suffices,  with  sufficiently  quick 
rotation,  to  bring  about  this  cumulative  process,  so  that  a  machine 
once  rendered  active  acquires  permanently  the  property  of 
producing  electric  currents,  the  strength  of  which  is  a  function 
of  the  velocity  of  rotation.  Finally  I  also  explained  in  this 
oommunication,  that  by  means  of  this  combination,  the  previously 
<ixisting  obstacle  to  the  production  of  very  strong  currents  by 
means  of  motive  power  is  cleared  away,  and  expressed  the 
anticipation,  that  many  departments  of  engineering  would  find 
a  powerful  incentive  to  farther  development,  through  the  strong 
currents  now  at  its  command  which  could  be  easily  and  cheaply 
produced. 

It  required  an  interval  of  fourteen  years  before  the  last 
anticipation  was  actually  realized.  At  present  the  metallurgical 
industry  uses  dynamo  machines  which  daily  precipitate  tons  of 
copper  galvanically  in  a  chemically  pure  condition,  and  thereby 
separate  it  from  the  precious  metals  which  it  contains.  By  the 
currents  produced  by  dynamos,  hundreds  of  thousands  of  electric 
lights  are  fed,  and  tiiese  already  begin  in  many  cases  to  supplant 
older  methods   of  illumination.     An  almost  illimitable  range 

*  (Read  at  the  Berlin  Academy  of  Sciences,  ISth  November,  1880.) 
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however  appears  in  recent  times  to  have  been  won  by  the 
transmission  and  distribution  of  energy  by  dynamo-electric 
machines,  and  especially  the  conveyance  of  persons  and  load» 
by  means  of  the  electric  current. 

Although  I  have  taken  a  share  in  this  already  active  extension 
of  the  dynamo-electric  machine,  I  have  not  considered  it  an 
occasion  to  acquaint  the  Academy  with  these  labours,  as  they  were 
rather  technical  than  scientific  problems,  which  had  to  be  solved, 
to  perfect  the  machine  itself,  and  its  accessories  as  regards  it» 
purpose  for  technical  use. 

Yet  now  that  a  certain  progress  has  been  made  in  this  direction « 
I  beg  the  Academy  to  allow  me  to  lay  before  them  in  the  first 
place  a  general  view  of  the  progress  of  this  development  and  of 
the  directions  in  which  further  improvements  are  to  be  pushed 
on,  and  in  the  next  place  to  lay  before  you  a  work  of  Dr.  FroUch* 
in  which  he  has  collected  the  experiments  with  dynamo-electric 
machines  carried  on  by  me  and  has  developed  a  theory  of  their 
action  and  their  application  to  the  transmission  of  power. 

In  the  original  dynamo-electric  machine  constructed  by  me,, 
the  moving  portion  consisted  of  my  rotating  cylinder  magnet,  the 
construction  of  which  I  published  in  the  year  1857.* 

The  alternating  currents  which  arise  in  the  conducting  wirea 
of  this  cylinder  magnet  owing  to  its  rotation  between  the  hollowed 
out  poles  of  a  strong  electro-magnet,  were  sent  in  one  direction  by 
means  of  a  commutator  with  sliding  springs,  and  then  traversed 
the  windings  of  the  fixed  electro-magnet.  With  this  machine  the 
unexpected  circumstance  arose,  that  the  heating  of  the  rotating 
armature  was  much  greater  than  calculation  gave,  when  the  re- 
sistance of  the  surrounding  wire  and  the  strength  of  current  were 
alone  taken  into  account.  As  the  cause  of  this  great  production 
of  heat,  it  was  soon  seen  that  the  iron  of  the  armature  itself 
heated  considerably.  This  heating  was  partly  to  be  ascribed  to 
the  currents,  which  the  magnetism  of  the  fixed  magnet  must 
produce  in  the  iron  of  the  rotating  armature  (so  called  Foucault 
currents),  but  it  was  still  found  to  continue  to  a  great  extent^ 
when  the  armature  was  made  of  thin  iron  plates  with  insulating 
pieces  inserted  which  stopped  the  Foucault  currents.    Another 

♦  PoggendorfT's  Annalen,  Vol,  101,  p.  271. 
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cause  of  the  production  of  heat  in  the  iron  mu8t  therefore  have 
been  active.  A  closer  consideration  of  the  phenomenon  proved 
in  fact  that  the  iron  became  heated  by  very  quick  and  sudden 
alterations  of  its  magnetic  polarity  if  the  magnetization  ap- 
proached the  maximum  of  the  magnetic  capacity  of  the  iron. 
This  inconvenience  of  the  heating  of  the  rotating  armature  made 
it  necessary  to  cool  it  with  a  current  of  water  when  the  machine 
was  in  continuous  use,  in  order  to  prevent  the  scorching  of  the 
covering  of  the  wires,  and  of  the  other  parts  which  might  be 
injured  by  heat.  The  inconvenience  of  this  cooling  and  the 
considerable  loss  of  energy  caused  by  the  transformation  of 
work  into  heat  nevertheless  presented  a  great  obstacle  to  the 
application  of  the  dynamo-electric  machine.  Its  removal  was 
partly  effected  by  the  magneto-electric  current  generator  which 
Pacinotti  described  in  the  Nuovo  Cimento  in  1863.  This  con- 
sisted of  an  iron  ring,  which  was  wound  throughout  its  whole 
length  with  a  wire  coil,  and  which  rotated  between  the  hollowed- 
out  poles  of  a  permanent  magnet.  By  magnetic  induction 
magnet  poles  were  formed  in  this  iron  ring,  which  were  opposite 
to  the  opposite  poles  of  the  fixed  magnet,  and  retained  their 
position  while  the  iron  ring  rotated.  As  in  this  way  the  outer 
portion  of  the  "wire  windings  of  the  ring  continually  traversed  the 
two  fixed  magnetic  fields  between  the  magnetic  poles  and  the 
iron  ring,  oppositely  directed  electro  motive  forces  must  arise  in 
the  closed  surrounding  wire,  which  could  produce  no  current  as 
they  were  equally  strong.  But  if  the  separate  wire  windings,  or 
the  equally  spaced  groups  of  windings  were  joined  up  to  metal 
pieces,  which  were-  grouped  concentrically  around  the  axle  of 
rotation  of  the  ring,  and  these  were  allowed  to  move  under  two 
fixed  sliding  springs,  standing  opposite  to  one  another  at  the 
same  distance  from  both  magnet  poles,  the  two  opposite  currents 
of  the  wire  windings  united,  and  were  now  diverted,  into  a  single 
continuous  current  through  the  conductor  connecting  the  sliding 
springs.  I  had  already  much  earUer  used  a  similar  combination, 
in  order  to  produce  continuous  currents  with  the  assistance  of 
an  induction  coil  closed  on  itself,*  but  the  Pacinotti  ring  has 

*  A  machine  of  this  kind  for  the  production  of  continuous  currents  of  hiffh 
tension  for  telegraphic  purposes  was  exhibited  by  Siemens  and  Halake  in  the 
London  Exhibition  of  1855,  and  is  now  preserved  in  the  Post  Office  Museum 

VOL.  11.  H  H 
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the  advantage  over  this  of  greater  Bimplicity  and  that  the 
regularly  occurring  change  of  polarity  produces  little  heat  in 
iron. 

It  would  appear  that  Pacinotti  used  his  ring  machine  only  in 
the  construction  of  small  magneto-electric  current  generators  and 
of  small  electro-magnetic  machines.  Gramme  in  Paris  first  in  the 
year  1868  had  the  happy  idea  of  making  dynamo-electric  machines 
with  the  help  of  the  Pacinotti  ring  and  thus  to  get  rid  of  the 
troublesome  heating  of  the  iron  of  the  rotating  cylinder  magnet. 

The  Gramme  dynamo-electric  machine  has  however  the  imper- 
fection that  only  the  outer  portions  of  the  wire  windings 
traversing  the  magnetic  field  are  subjected  to  inductive  action, 
whilst  their  inner  halves  remain  inactive  and  only  uselessly 
increase  the  resistance  of  the  circuit,  v.  Hefner  Alteneck  got  over 
this  to  a  great  extent  by  means  of  the  dynamo-electric  machine 
called  after  him,  by  covering  the  rotating  ring  or  a  massive  iron 
cylinder  with  windings  on  the  outside  only,  which  communicated 
in  groups  as  in  the  Gramme  machine  with  contact  pieces  and 
sliding  springs  or  wire  brushes.  The  Gramme  and  Hefner 
machines  have  been  frequently  described  and  discussed  in 
scientific  and  technical  writings,  and  1  shall  therefore  not  enter 
here  into  a  special  description  of  them.  They  constitute  at 
present  the  typical  forms  of  machines  for  the  production  of 
powerful  electric  currents  for  technical  purposes  and  have  on 
this  account  been  made  of  the  most  various  forms  and  sizes. 
Thus  the  machines  v.  Hefner's  construction  which  have  been  used 

of  this  town.  It  consists  of  a  flat  cone  or  plate  which  rolls  upon  a  level  sur- 
face. If  the  top  rim  of  the  cone  was  provided  with  small  electro-magnets,  the 
windings  of  which  formed  a  closed  circuit,  whilst  the  flat  surface  was  providetl 
with  steel  magnets,  hy  the  rolling  of  the  plate  the  half  of  the  electro-magnets 
approached  the  poles  of  the  steel  magnet,  whilst  the  other  half  removed 
from  it.  The  common  winding  wire  communicated  between  each  of  the  two 
horse-shoe  magnets  which  were  in  radial  position,  with  contact  pieces  which 
were  brought  into  the  circle  around  the  axle,  which  turned  the  plate,  Le.^ 
allowed  it  to  rolL  Two  insulated  sliding  springs  connected  with  the  axle 
were  so  arranged  that  they  always  touched  the  contact- places  which  led  to  the 
electro-magnet  nearest  to  and  furthest  from  the  steel  magnet  As  on  the 
approach  and  removal  of  the  electro-magnets  from  the  permanent  magnets, 
currents  of  oppofite  direction  were  induced  in  the  windings  of  the  former, 
these  united  in  the  sliding  springs  with  uniform  rotation  into  a  continuons 
constant  current.  If  the  machine  were  to  be  employed  as  an  electro-magnetic 
motor  an  iron  core  would  be  used  and  the  electro-magnets  set  in  the  level 
plane.  Sec  also  at  p.  97,  and  following,  of  this  collection  the  paper  on  the 
plate  machine. 
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for  refining  copper  in  the  copper  works  at  Oker,  and  each  of 
which  daily  dissolved  about  800  kilogrammes  of  black  copper  in 
twelve  cells  placed  in  series,  and  again  galvanically  precipitated 
it  in  the  shape  of  plates,  have  winding  wires  of  18  square  centi- 
metres section,  whilst  machines  for  the  production  of  many 
electric  lights  and  for  the  transmission  of  power  are  wound 
with  wires  weighing  many  hundred  weight. 

These  outputs  and  dimensions,  colossal  in  comparison  with 
former  electric  apparatus,  will  however  be  still  farther  increased 
if  the  contemplated  use  of  the  dynamo-electric  machine  for  the 
transmission  of  power  is  universally  carried  out. 

When  two  dynamo-electric  machines  are  brought  into  the  same 
circuit,  and  the  one  revolves  at  constant  velocity,  the  other  must 
revolve  as  an  electro-magnetic  machine  in  the  opposite  direction 
as  follows  at  once  from  the  consideration  that  a  dynamo-electric 
machine  is  an  electro-magnetic  one  turned  in  the  opposite 
direction.  The  opposing  current  which  this  machine  rotated  by 
the  current  produces  now  weakens  the  current  produced  by  the 
primary  dynamo-electric  machine,  and  thus  diminishes  at  the 
same  time  the  work  required  for  the  rotation  of  the  latter.  If 
tlie  secondary  machine  had  neither  internal  nor  external  work  to 
perform  its  velocity  would  increase  until  its  opposing  electro- 
motive force  balanced  that  of  the  primary  machine.  Then  no 
more  current  would  pass  through  the  conductor,  and  work  would 
be  neither  consumed  nor  produced.  This  condition  of  equilibrium 
can  naturally  never  be  completely  attained  because  the  secondary 
machine  has  to  overcome  internal  resistance,  and  because  the 
primaiy  machine  must  attain  a  velocity  dependent  on  its  con- 
struction, before  the  dynamo-electric  strengthening  process  of 
the  current  begins.  If  the  secondary  machine  has  to  perform 
work,  its  velocity  thereby  diminishes.  With  this  diminishes  the 
opposing  force  dependent  on  the  velocity  of  rotation,  and  a 
current  now  traverses  both  machines  corresponding  to  the 
difference  of  their  electric  forces,  the  production  of  which 
requires  force,  and  which  on  its  side  performs  the  work  im- 
posed on  it  in  the  secondary  machine.  I  have  already  in  other 
places*  referred  to  this,  that  the  useful  effect  obtained  by  this 

*  Journal  of  the  Electrotechnische  Verein,  February  Number,  1879, 
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transmission  of  power  has  no  constant  amount,  bat  depends  on 
the  ratio  of  velocity  of  both  machines  and  that  it  increases  with 
their  velocity  of  rotation.  By  the  research  given  below  this  has 
been  confirmed  within  certain  limits.  Hitherto  a  osef ul  effect  of 
60  per  cent,  of  the  work  expended  has  been  practically  attained, 
and  with  the  largest  machines  that  could  be  used  which  certainly 
were  not  specially  constructed  for  the  transmission  of  power  but 
for  lighting  purposes.  10H.P.  as  measured  by  the  Prony  brake  have 
been  transmitted  with  a  useful  effect  on  the  average  of  50  per 
cent.  It  hence  follows  that  with  electric  transmission  of  power 
only  half  of  the  work  expended  is  regained,  whilst  half  is  used  up 
in  overcoming  resistance  in  the  windings  of  the  machine  and  in 
the  conductors  and  is  transformed  into  heat.  The  amount  of  this 
loss  of  energy  is  evidently  dependent  on  the  construction  of  the 
machine.  If  there  were  no  prospect  of  effecting  an  essential 
reduction  of  the  same,  by  improvements  in  construction,  the 
technical  application  of  electric  transmission  of  power  would 
continue  somewhat  limited.  It  is  therefore  of  importance  to 
determine  the  causes  of  the  loss  of  energy  lying  in  the  con- 
struction of  machines  and  then  to  take  into  consideration, 
whether  and  in  what  way  a  complete  or  partial  removal  of  this 
source  of  loss  is  to  be  arrived  at.  The  purely  mechanical  losses 
of  power  through  friction,  air  resistance,  shocks  in  the  machines 
may  be  left  out  of  consideration.  They  form  only  a  small  part  of 
the  loss  and  their  reduction  to  a  minimum  may  be  effected  by  the 
use  of  known  principles  of  construction. 

The  essential  physical  cause  of  the  loss  of  energy  and  one  noD 
altogether  to  be  removed,  is  the  heating  of  the  conductor  by  the 
electric  current.  As  with  the  machines,  in  which  no  sudden 
alternation  in  the  magnetism  takes  place,  no  immediately  per- 
ceptible heating  of  the  iron  of  the  electro-magnets  occurs,  only 
this  heating  of  the  conductor  by  the  currents  traveling  it  needs 
to  be  specially  taken  into  consideration.  These  conductors  are 
here  not  only  the  conducting  wires  of  the  machines,  and  their 
conductive  connections,  but  also  the  moving  metal  masses  of  the 
machines,  in  which  currents  are  induced,  which  heat  them  (the 
so-called  Foucault  currents).  There  follow  hence  as  the  essential 
bases  for  the  construction  of  dynamo  electric  machines  : 

1.    That  all  unessential  resistances  of  the  machine^  t.^.,  here  all 
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those  condncting   wires    which  do   not  work   electromotively, 
should  be  removed  as  far  as  possible  or  diminished. 

2.  That  the  condnctivity  of  all  condactors,  also  those  acting 
electromotivelj^  be  made  as  great  as  possible. 

3.  That  bj  the  anrangement  of  the  metal  masses,  in  which 
Foncanlt  currents  can  be  produced  by  moying  conductors  or 
magnets,  the  path  for  the  current  should  be  cut  up  as  much 
as  possible. 

4.  That  the  magnetism  produced  in  the  electro-magnets 
should  come  into  action  as  completely  and  directly  as  possible. 

5.  That  the  divisions  of  the  windings  of  the  induced  wire, 
which  are  traversed  by  currents  of  alternating  direction,  should  be 
ns  small  as  possible,  so  that  the  extra  current  arisiug  from  the 
chauge  of  current  be  as  small  as  possible. 

If  we  consider  the  two  systems  of  machines  which  we  are 
uow  discussing,  that  of  Gramme  and  von  Hefner,  from  the 
standpoint  of  these  conditions  of  construction,  we  shall  find 
that  these  are  carried  out  in  both  in  only  an  incomplete 
manner. 

In  neither  machine  does  the  magnetism  act  inductively 
directly  on  the  moving  wires  of  the  armature,  but  this  takes 
place  principally  indirectly  through  the  magnetism  excited 
by  the  hoUowed-out  magnet  pole  of  the  fixed  magnet  in  the 
Gramme  ring  or  v.  Hefner's  externally  wound  iron  cylinder.  That 
the  direct  inductive  action  of  the  hollowed-out  magnet  pole  on 
the  rotating  wires  is  only  small,  is  proved  by  experiment,  if  the 
iron  cylinder  of  v.  Hefner's  machine  is  replaced  by  a  cylinder  of 
non-magnetic  material.  But  this  also  follows  at  once  from  the 
consideration  that  only  those  portions  of  the  hollowed-out  magnet 
pole  act  inductively  on  a  moving  wire,  in  the  same  sense  as 
the  magnetism  of  the  inner  cylinder,  which  lie  outside  the  plane 
laid  throngh  the  rotating  wire  parallel  to  the  axis  of  rotation 
and  perpendicular  to  the  radius  of  rotation  of  the  wire,  whilst 
the  portions  of  the  hollowed-out  pole  lying  within  this  plane  exert 
an  opposing  action.  Therefore,  in  order  to  produce  a  determined 
indactive  action,  a  much  stronger  electro-magnet  would  have  to 
be  used  in  both  machines  than  would  be  necessary  under  more 
favourable  circumstances.  To  produce  this  more  powerful 
magnetism,    a    greater   portion    of    the    conducting  wire  used 
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lu  the  machine,  mnst  be  applied  to  the  magnetization  of  the 
fixed  magnet  at  the  cost  of  the  length  of  the  induced  wire. 

In  order  to  obviate  Foucaalt  currents  in  the  rotating  iron  ring, 
the  latter  is  wound  both  in  the  Gramme  and  v.  Hefner  machines 
with  covered  or  varnished  iron  wires.  The  circuit  of  these 
currents  is  in  this  way  confined  to  the  surface  of  the  iron  wires, 
and  consequently  the  loss  of  heat  through  them  made  very  small. 
On  the  other  hand,  the  hollowed-out  magnet  poles  still  present 
CO  these  currents  large  closed  current  paths  which  necessitate 
neat  losses. 

A  great  loss  of  energy  takes  place  in  the  Pacinotti  ring  of  the 
Gramme  machine  as  already  stated — by  useless  lengthening  of 
the  winding  wire — by  the  circumstance,  that  only  the  outer 
portions  of  the  winding  wire  act  electromotively,  whilst  the 
portions  of  it  lying  inside  the  ring  only  act  as  conductors 
and  must  be  uselessly  heated.  With  von  Hefner's  iron  cylinder 
wound  only  externally,  this  circumstance  is  decidedly  more 
favourable,  yet  even  in  this  useless  resistances  are  introduced 
by  the  pieces  of  wire  covering  the  ends  of  the  cylinder.  If  the 
length  of  the  cylinder  is,  as  is  usually  the  case,  many  times 
the  diameter,  then  the  loss  of  conductivity  through  the  wires  not 
acting  inductively  is  always  much  less  than  in  the  Gramme 
machine.  On  the  other  hand,  however,  this  has  the  advantage  of 
a  simpler  winding,  which  renders  possible  the  introduction  of  a 
greater  number  of  smaller  winding  sections,  whereby  the  loes 
of  energy  through  the  extra  current  brought  about  by  changing 
the  direction  of  the  current,  and  the  troublesome  sparking  partly 
dependent  on  it,  is  diminished. 

Of  yet  greater  importance  than  these  sources  of  loss,  which  all 
lead  to  useless  increase  in  size  of  the  machine  necessaiy  for  the 
production  of  a  definite  effect  and  its  conductive  resistancey 
is,  however,  as  follows  from  the  comparison  of  our  experimentfi 
by  Dr.  Frolich,  the  reactive  influence  of  the  induced  current 
itself  traversing  the  wires  of  the  machine.  This  influence  is 
a  double  one  in  both  the  machines  here  considered,  namely,  in 
the  first  place,  the  shifting  of  the  position  of  the  inagnetic  pules 
of  the  Pacinotti  ring  or  of  the  v.  Hefner  cylinder,  and  secondly, 
the  lowering  of  the  magnetic  maximum  both  of  the  fixed  magnet 
pole  and  ring  by  magnetization  of  the  iron  in  the  direction 
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of  the  induced  current,  consequently  at  right  angles  to  the 
ditection  of  the  effective  magnetism.  The  induced  currents 
seek  so  to  magnetize  the  ring  or  the  cylinder,  that  the  plane 
of  the  poles  is  perpendicular  to  the  plane  of  the  poles  of 
the  fixed  magnet,  the  actual  polar  plane  must  therefore  be 
the  resultant  of  both  magnetic  influences  standing  at  right 
angles  to  one  another.  This  also  follows  from  the  fact  that 
in  order  to  obtain  the  maximum  of  work,  the  sliding  springs 
when  the  machine  is  at  work  must  be  shifted  to  an  amount 
dependent  on  the  strength  of  the  inducing  current.  Through 
this  magnetization  in  a  direction  perpendicular  to  the  direction 
of  the  induced  magnetism,  a  portion  of  the  hypothetical  magnetic 
iron  molecules  are  influenced  ;  therefore  the  magnetization  of  the 
ring  by  the  fixed  magnet  must  be  correspondingly  smaller.  From 
the  circumstance  that  with  quicker  rotation  of  the  cylinder  the 
contact  springs  or  brushes  must  be  placed  further  back  than  with 
a  slower  rotation,  even  when  the  strength  of  the  current  is 
maintained  constant  by  the  insertion  of  external  resistances, 
it  further  follows  that  either  a  carrying  along  of  the  magnetism 
generated  in  the  ring  or  cylinder  through  the  fixed  magnet  poles 
of  the  rotating  iron  occurs,  or  that  time  is  necessary  for  perform- 
ing the  magnetization,  the  ring  magnetism  is  consequently 
smaller,  the  greater  the  velocity  of  rotation  of  the  ring. 

To  these  circumstances  is  also  to  be  ascribed  the  remarkable 
phenomenon,  that  the  current  strength  of  short  circuited  dynamos 
after  the  close  of  the  rising  process  is  nearly  proportional  to 
the  velocity  of  rotation,  whilst  the  dynamo  electric  principle 
in  itself  (t.«.,  without  reference  to  the  heating  of  the  wires,  the 
secondary  action  of  induced  currents,  etc.)  necessitates  with  every 
velocity  of  rotation  a  rise  of  current  up  to  the  same  limitless 
height  if  the  ma^etism  is  proportional  to  the  strength  of 
current. 

Whether  and  how  far  a  perfecting  of  the  construction  of  the 
dynamo-electric  machine  will  be  able  to  obviate  the  deficiencies 
described  cannot  be  determined  theoretically.  To  enter  here  on  the 
plans  proposed  for  such  improvements  would  be  aimless.  Never- 
theless, to  complete  the  picture  of  the  actual  position  of  affairs, 
I  will  now  describe  some  of  my  experimental  constructions,  which 
form  the  point  of  departure  for  these  endeavours.    The  direct 
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object  of  them  was  to  coDStruct  machines  for  chemical  purposes, 
iu  which  a  very  small  E.  M.  F.  is  snfficieut,  but  a  very  small 
internal  resistance  is  necessary. 

One  of  these  experimental  constmctions,  the  so-called  pot 
machine,  is  based  on  my  cylinder  magnet  or  double  T  armature, 
already  described  (Siemens*  armature).  When  such  a  transversely 
wound  magnet,  the  polar  surfaces  of  which  form  part  of  the 
cylinder,  is  surrounded  by  parallel  conductors,  which  at  one  end 
are  connected  conductively  together,  and  are  allowed  to  rotate 
around  the  cylinder  magnet,  positive  currents  are  induced  iu 
those  wires  directly  above  one  polar  surface  and  negative  currents 
in  the  other,  which,  owing  to  the  resistance  of  the  machine  bein«^ 
exceedingly  small,  unite  in  currents  of  great  strength  through 
properly  arranged  sliding  contacts,  which  connect  all  the  induced 
wires  or  copper  pieces  iu  the  same  direction  conductively  together. 

The  potential  difference  of  both  sliding  contacts  on  account 
of  the  shortness  of  the  induced  conductor  can  necessarily  be  but 
small.  "With  the  greatest  permissible  velocity  of  rotation,  it  does 
not  even  attain  to  one  Daniell ;  but  this  is  sufficient  for  galvano- 
plastio  purposes. 

By  the  application  of  a  covering  of  insulated  iron  wires,  the 
strength  of  the  magnetic  field,  and  with  it  the  electro-motive 
force  of  the  cun-ent  can  be  considerably  increased.  With  this 
construction  of  dynamo-electric  machine  the  magnetism  acts 
directly  inductively  ;  there  are  therefore  wanting  in  it  a  number 
of  the  faults  of  construction  above  discussed.  It  therefore  forms 
the  point  of  departure  for  improved  constructions  of  dynamo 
machines,  about  which  I  reserve  further  communication  for  a 
future  occasion. 

A  second  construction  depends  upon  quite  a  different  principle, 
namely,  on  so-called  unipolar  induction.  As  is  known,  there 
exists  in  a  hollow  cylinder,  which  is  allowed  to  rotate  around  the 
north  or  south  pole  of  a  magnet,  a  current  impulse  which 
manifests  itself  as  a  current  in  the  conductive  connection  of 
sliding  springs  at  both  ends  of  the  rotating  cylinder.  A  horse- 
shoe, with  long  cylindrical  legs,  was  so  placed  that  the  poles 
were  directed  upwards.  The  lower  third  portion  of  the  leg  was 
sun'ounded  with  wire  windings  of  very  large  diameter  (about 
20  sq.  cm.).    Around  the  upper  two-thirds  of  the  length  of  the 
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legs  rotate  two  hollow  cylinders  of  copper,  the  lower  ends  of  which 
communicate  by  a  system  of  sliding  springs  with  the  upper  ends 
of  the  spirals  connected  to  each  other,  whilst  the  sliding  springs 
are  insulated  at  their  upper  ends.  The  rotating  cylinders  were 
surrounded  with  an  iron  screen,  the  object  of  which  was  to 
increase  the  magnetism  of  the  electro-magnets  or  the  strength 
of  the  cylindrical  magnetic  field,  in  which  the  copper  cylinders 
worked.  With  the  very  considerable  dimensions  of  this  machine, 
a  current  was  produced  by  unipolar  induction,  which  circulated 
in  a  very  small  resistance,  and  had  an  E.  M.  F.  of  about  one 
Daniel].  Notwithstanding  this  comparatively  considerable  output 
the  useful  effect  of  this  machine  was  not  satisfactory,  for  the 
friction  of  the  sliding  pins  was  too  great,  and  the  output  did  not 
correspond  to  the  size  of  the  machine. 

I  will  here  only  remark  that  my  friend,  &.  Kirchhoff,  made  me 
an  important  proposal,  to  increase  the  E.  M.  F.  of  this  machine 
by  increasing  the  length  of  the  induced  conductor. 

He  proposed  to  separate  the  walls  of  the  rotating  hollow 
cylinder  by  longitudinal  cuts,  and  then  to  combine  them  again 
to  a  hollow  cylinder  with  insulating  distant  pieces.  Each  end  of 
the  insulated  rod  thus  formed  was  to  be  conductively  connected 
with  an  insulating  sliding  ring.  Through  the  sliding  springs 
arranged  in  the  circuit,  the  ends  of  the  rods  of  both  cylinders 
could  be  so  connected  that  they  worked  electromotively  in  the 
same  sense.  Technical  difficulties  have  hitherto  prevented  the 
carrying  out  of  this  important  proposal ;  it  is  not,  however, 
improbable  that  these  can  be  overcome.  It  is  remarkable  that 
with  this  machine  the  magnetism  of  the  great  horse-shoe  magnet 
falls  off'  much  sooner  irom  proportionality  to  the  primary  current 
than  was  to  be  expected.  In  the  following  table,  the  first  column 
contains  the  strengths  of  the  magnetizing  cuiTent  in  units  of 
current ;  the  secoud,  the  difference  of  potential  at  the  sliding 
springs  in  Daniells ;  the  third,  the  number  of  revolutions  of 
the  copper  cylinder.  If  the  magnetism  were  proportional  to  the 
strength  of  the  primary  current,  the  numbers  in  the  fourth 
column  would  be  proportional  to  those  in  the  first,  which 
is  evidently  not  the  case.  "With  the  circuit  closed  through  a 
resistance,  the  sti^ength  of  current  given  in  the  last  column 
is  jnst  as  little  proportional  -to  the  product  of  the  current  strength 
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of  the  primary  circuit  into  the  number  of  revolutions  divided  by 
the  inserted  resistance. 

TABLE. 
Unipolab   Machine. 


Primary 

Current  in 

J)an. 

S.  U. 


Sy  Tension 
at  poles 
in  Dan. 


%  Revolutions 
•    A 100 

V 


External  resist- 
ance in 
8.  U. 

Mill. 


Current 

strength  in 

Dan. 

S.  J. 


It  cannot  be  assumed  that  the  magnet  legs,  which  consisted  of 
iron  tubes  of  16  cm.  external,  9  cm.  internal  diameter,  and 
116  cm.  length,  were  already  magnetized  to  the  maximum 
because  the  weak  ^remanent  magnetism  already  gave  an  eighth 
of  the  strongest  tensions  as  follows  from  the  10th  row  of 
experiments.  But  it  is  possible  that  the  magnetism  is  not  equally 
divided  on  the  periphery  of  the  fixed  magnet  leg,  and  that 
therefore  the  part  of  the  rotating  cylinder,  which  was  passing  at 
each  moment  through  the  weaker  magnetic  fields,  formed  a  shunt 
for  the  currents  induced  in  the  stronger  fields.  By  carrying  out 
Kirchhoif  s  proposal  this  would  be  avoided. 


ELECTRICITY  AS  AN  AID  AGAINST   DANGER  BY 

FIRE.* 

Gentlemen, — The  terrible  disaster  in  Vienna  has  set  the  whole 
world  in  agitation,  and  competent  and  incompetent  people  of  all 
classes  propose  methods  to  avoid  such  catastrophes  in  future. 
I  think  therefore  that  the  Electro-technical  Society  also  cannot 
l^ass  over  in  silence  this  terrible  occurrence,  and  that  it  is  proper 
to  consider  more  closely  the  question  what  influence  electrical 
science  can  exert  to  reduce  the  danger  of  fire  in  general  and 
to  avert  such  catastrophes.  I  have  promised  to  give  an  in- 
troductory  address  to   this  discussion,  but  I  beg  you  not   to 


*  (Address  to  the  Electrotecbnische  Verein,  27th  December,  18S1.) 
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consider  the  title  '^  Electricity  as  an  aid  against  danger  by  fire  " 
under  which  I  have  announced  my  address,  as  though  I  wished 
to  put  forward  electricity  as  a  universal  means  for  removing 
danger  by  fire.  This  is  altogether  impossible.  The  danger  of 
fire  cannot  be  removed.  When  we  consider  that  we  live  in 
combustible  houses,  in  which  most  of  the  objects  that  surround 
us,  the  furniture,  chattels,  hangings,  curtains,  and  beds,  as  well  as 
our  clothing,  especially  that  of' women  and  children,  are  com- 
bustible, that  we  are  always  using  fire  in  these  combustible 
surroundings,  that  we  heat  with  coal  or  wood,  that  we  light  with 
gas,  oil  or  candles,  using  easily  inflammable  matches  for  the 
purpose,  and  so  often  carry  them  in  our  pockets,  it  is  certain  that 
it  is  absolutely  impossible,  to  get  rid  of  the  danger  of  fire  itself, 
or  even  considerably  to  reduce  it. 

This  danger  has  continually  and  considerably  increased  although 
houses  are  now  more  and  more  built  of  stone  and  iron,  stone  stairs 
are  used,  thatched  roofs  done  away  n^ith,  and  other  means  brought 
into  use  for  its  diminution. 

If,  nevertheless,  the  number  of  fires,  and  damage  caused  by 
fire  on  the  whole  do  not  increase,  but  are  rather  diminished  as 
statistics  show,  this  is  in  general  to  be  ascribed  to  the  greater 
experience  mankind  has  attained  in  its  continual  fight  against 
fire.  We  are  bom  to  a  standing  fight  against  fire.  Children 
from  their  very  infancy  are  drilled  by  their  mothers  to  be  cautious 
with  fire,  to  put  out  small  fire  dangers,  and  we  all  form  aa  ever 
watchful  fire  brigade. 

With  increasing  intelligence  and  culture  our  aids  in  this  con- 
tinual fight  are  improved.  There  are  many  arrangements  for 
checking  the  outbreak  and  the  extension  of  conflagrations.  These 
arrangements  will  form  in  the  first  place  the  object  of  our 
consideration. 

The  fact  of  the  danger  of  fire  existing  everywhere,  and  always, 
has  taught  us,  that  it  is  essential  to  put  out  small  fires  quickly 
before  they  have  had  time  to  develop  danger.  It  is  therefore 
important  to  have  everywhere  at  hand  good  means  of  extinguish- 
ing and  also  to  have  ready  at  the  right  time  well  drilled  and 
organized  quenching  forces,  to  put  out  any  conflagration  that 
has  broken  out,  before  it  has  become  dangerous.  Electrical 
science  has  already  for  some  time  past  played  a  considerable 
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part  herein.  In  our  town  of  Berlin  we  had  already,  in  1852, 
arranged  systematically  a  well-organized  fire  brigade  and  a 
network  of  fire  telegraphs  comprehending  the  whole  town,  and 
it  is  quite  certain  that  jsince  that  time,  the  large  dangerous  fires 
in  Berlin  have  been  proportionately  very  much  reduced.  This 
fire  telegraph  consists  in  suitable  arrangements  for  bringing 
each  fire  that  arises  to  the  knowledge  of  the  fire  brigade  as 
quickly  as  possible  whilst  everybody  remains  at  liberty  to  ex- 
tinguish the  fire  by  his  efforts  until  the  firemen  arrive.  A  system 
of  fire  brigade  stations  and  depots  is  uniformly  clistributed 
throughout  the  town,  and  these  are  connected  by  telegraph 
lines  with  each  other,  with  the  central  station  of  the  fire 
brigade,  and  with  the  police  station.  The  arrangements  arc 
so  made,  that  from  any  one  station  all  others  can  be  simul- 
taneously alarmed,  and  at  the  same  time  receive  information  of 
the  place  of  the  fire.  With  this  telegraph  network  a  second 
network  of  conductors  extending  further  is  arranged,  in  which  so 
called  fire  alarms  are  introduced.  These  are  simple  mechanisms, 
which  can  be  set  in  action  by  anyone  through  a  spring  or  pull, 
«nd  which  then  automatically  give  the  alarm  to  the  nearest  fire 
station,  and  at  the  same  time  announce  the  number  of  the  alarm 
post.  Thence  the  information  goes  out  to  all  the  other  stations  of 
the  town.  This  arrangement  has  proved  to  be  very  beneficial  and 
has  been  copied  in  almost  all  gi'eat  towns.  It  can  be  further 
developed  with  advantage  V)y  the  number  of  alarm  posts  being 
still  further  increased.  If  in  Vienna,  as  it  is  reported,  one  such 
alarm  post  which  existed  in  the  theatre  was  no  longer  accessible 
after  the  outbreak  of  the  fire,  and  thus  the  alarm  was  omitted,  the 
catastrophe  would  probably  have  been  considerably  diminished  if 
not  altogether  prevented,  had  more  fire  alarms  been  in  existence. 
All  large  and  specially  combustible  buildings  such  as  factories, 
public  buildings,  etc  should  in  particular  be  in  direct  communica- 
tion with  the  fire  brigade  stations  by  one  or  more  alarm  apparatus^ 
so  that  the  announcement  of  an  alarm  of  fire  may  come  as  quickly 
as  possible  to  the  right  station.  This  is  necessary  not  alone  from 
a  onesided  but  a  universal  point  of  view,  because,  especially  in 
narrowly  built  streets,  the  outbreak  of  a  great  fire  may  give  riflo 
to  the  question  of  the  existence  of  a  whole  district,  or  as  the 
Hamburg  conflagration  proves  of  a  whole  quarter  of  a  town. 
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This  further  extension  of  the  telegraphic  alarm  system  is  to  be 
recognized  as  the  most  important  means,  by  which  electrical 
science  can  work  for  the  dimiuntion  of  losses  by  fire.  But  this 
system  can  be  still  further  extended.  In  large  factories,  theatres, 
public  buildings,  there  are  so  many  places  exposed  to  fire,  far 
removed  from  one  another,  and  often  difficult  of  access,  that  the 
simple  alarm  '^it  bums"  is  not  sufficient  for  such  a  complex 
building.  At  the  same  time  the  spot  where  it  bums  must  be 
given,  as  often  some  minutes  are  decisive  in  averting  a  con- 
siderable loss.  For  this  purpose  we  have  in  our  own  factory  a 
special  arrangement,  which  works  so  that  the  fire  alarm  is  united 
with  the  watchman's  control. 

In  a  wire  conductor  which  runs  throughout  the  whole  factory 
apparatus  are  inserted  at  all  dangerous  places,  and  those  dificult 
of  access,  which  serve  both  purposes  at  the  same  time. 

The  watchman  must  then  in  traversing  the  factory,  pull  a 
special  knob  which  is  somewhat  concealed,  by  which  the  tiitie 
of  their  arrival  at  the  place  is  registered  on  a  paper  strip  in  the 
office.  This  also  has  the  great  advantage  that  the  apparatus 
itself  is  always  kept  in  working  order.  For  a  mechanism,  which 
is  not  regularly  used  or  controlled  is  not  to  be  depended  on.  To 
the  same  apparatus,  there  is  attached  a  second  easily  recognizable 
knob  by  which  anyone  who  draws  it  can  give  a  fire  alarm,  whilst 
an  alarm  bell  is  set  in  action,  and  at  the  same  time  the  number  of 
the  warning  apparatus  is  exposed  to  view. 

It  is  thus  made  known  in  what  room  there  is  danger  of  fire, 
and  then  all  the  available  forces  can  be  directly  applied  to  remove 
the  danger. 

If  in  all  great  buildings  specially  liable  to  fire,  such  as  theatres, 
factories,  etc.  such  arrangements  are  contrived  connected  up  to 
the  fire  telegraph,  it  would  be  wonderful  if  a  fire  were  not  as 
a  rule  stopped,  before  it  had  attained  dangerous  dimensions, 
when  a  well-organized  troop,  such  as  our  fire  brigade,  is  at 
hand. 

Another  sphere  of  action  of  electro-technical  science  against  the 
danger  of  fires  lies  in  electric  transmission  of  power.  In  this 
direction  recently  many  projects  have  come  to  the  fore  through 
the  Vienna  catastrophe.  Most  inventors  wish  to  efibct  both  the 
fire  alarm  and  the  extinguishing  automatically.    They  would  have 
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oombastible  cords  stretched,  which  should  be  destroyed  by  means 
of  the  fire,  or  woald  briag  abont  contacts  by  means  of  the  heat  of 
the  fire,  in  short  by  means  of  the  fire  itself,  something  should 
become  active,  which  should  itself  give  the  fire  alarm,  drop  the  iron 
onrtain  at  theatres,  set  water  jets  going,  open  ventilators,  etc.  I 
must  declare  in  general  against  such  automatic  arrangements. 
The  dangers  of  fire  are  so  manifold,  and  manysided,  that  de- 
pendence could  not  be  placed  on  such  arrangements,  even  if  they 
jwere  always  in  good  order.  It  makes  its  appearance  as  a  rule 
where  least  expected,  and  when  it  has  reached  the  automaticaUy 
working  arrangements  and  has  set  in  motion  the  necessary  action 
it  is  too  late  to  put  it  out.  The  only  safe  aid  against  the  danger 
of  fire  which  is  always  in  proper  working  order,  is  the  energetic 
sensible  man  ;  he  must  have  the  means  of  bringing  his  energy 
into  action,  at  the  right  moment,  at  the  right  place,  and  mnst  have 
the  proper  extinguishing  means  quickly  at  hand.  In  this,  electric 
transmission  of  power  can  be  used  with  advantage.  Arrange- 
ments can  easily  be  made,  to  effect  with  great  speed  mechanical 
operations  from  one  or  more  points  by  simple  contact  keys,  by 
which  the  fire  can  be  confined  or  its  further  extension  be 
checked,  or  it  can  even  be  extinguished.  This  is  especially  de- 
sirable in  theatres,  in  which  a  large  closely  packed  number  of 
persons  are  placed  in  an  unusually  great  danger  of  fire.  If 
electric  lighting  is  used,  or  other  electric  transmissions  of  power 
are  permanently  arranged  for  the  carrying  on  of  necessary  work 
such  as  the  shifting  of  scenes,  moving  of  heavy  curtains,  or  drops, 
etc.  the  necesisary  current  is  always  at  hand  for  the  application  of 
the  transmission  of  power.  If  the  iron  curtain  of  the  Vienna 
Theatre  had  always  been  operated  by  electric  transmission  of 
power,  the  heat  of  the  fire  which  had  broken  out  would  not  have 
prevented  its  fall,  as  must  have  been  the  case.  The  electric 
machine  endures  a  considerable  amount  of  heat,  and  would  not 
be  stopped  by  it  from  exerting  its  action,  like  the  man  in  charge 
of  it. 

But  electricity  does  not  only  contribute  in  a  very  effective 
manner,  for  the  quick  removal  of  existing  danger  of  fire,  it  can 
also  diminish  the  danger  of  fire  to  a  great  degree  by  the  use  of 
electric  lighting. 

Many  opposite  views  set  forth  in  public  papers,  in  recent  times 
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are  remarkable.  The  electric  light  is  dangerous  to  life  and  m  so 
high  a  degree  dangerous  on  account  of  fire,  that  even  insurance 
companies  have  hesitated  to  insure  electrically  lighted  dwellings 
at  the  usual  rate  I  ! 

If  however  the  electrical  engineer  is  disposed  to  allow  such 
nntenable  statements  to  pass  unnoticed  it  will  yet  be  judicious  to 
test  the  basis  on  which  they  rest.    They  pass  from  one  paper  to 
another,  and  are  at  last  regarded  by  the  public  as  true.    Electric 
lighting  naturally  gives  rise  to  risks  from  fire,  and  it  can  also  be 
dangerous  to  life  under  certain  circumstances  by  unreasonable 
nse.'    It  may  also  be  conceded  that  these  dangers  are  considerably 
increased,   owing   to  the  novelty  of  the  thing,  and   the  small 
extent  of  the  knowledge  of  the  science  of  electricity,  as  also 
through  want  of  experience.     But  it  may  be  asked  in  the  firsu 
place,  whether  the  danger,  which  has  appeared  in  isolated  cases, 
is  based  in  the  nature  of  thingp,  and  secondly  whether  it  is 
greater  or  smaller  than  in  the  other  kinds  of  illumination.    As  a 
canse  of  danger  from  fire,  certain  cases  are  cited  where  fire  risk- 
has  arisen  through  the  falling  down  of  burning  pieces  of  carbon. 
In  another  case  thin  wires,  which  led  to  incandescence  lamps, 
have  become  loosened  and  come  into  contact.    They  have  thus 
become  red  hot,  and  have  kindled  neighbouring  inflammable 
objects.    In  a  third  case,  electric  sparks  have  arisen  from  un- 
covered leading  wires,  and  have  kindled    neighbouring  wood. 
Concerning  the  first  point,  formerly  when  pieces  of  carbon  cut 
off  from  retort  coke  were  used,  it  frequently  happened  of  course, 
that  glowing  pieces  of  carbon  split  off  and  fell.    With  the  pressed 
carbons  now  universally  used,  this  danger  is  however  completely 
got  rid  of.    Nevertheless  no  competent  person  would  place  electric 
lamps  in  rooms  where  there  was  risk  of  fire  without  a  secure 
covering  of  glass  with  wire  netting,  or  of  closed  lanterns.     That 
thin  leading  wires  which  are  traversed  by  strong  currents,  become 
red  hot  is  a  known  fact.     It  is  the  duty  of  the  electrical  engineer 
so  to  determine  the  conductivity  of  wires,  that  a  dangerous 
heating  of  them  cannot  arise,  and  to  fix  and  cover  them  so 
securely  that  a  loosening  is  impossible.     Such  a  case  may  indeed 
for  once  arise  in  a  temporary  installation,  like  that  in  the  Paris 
Exhibition  palace,  but  it  is  not  then  electricity,  but  the  ignorance 
and  indiscretion  of  the  workman,  and  of  the  engineer  conducting 
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the  work,  which  is  guilty  of  the  disaster.  The  thiixl  case  is  quite 
incomprehensible,  that  sparks  have  arisen  from  uncovered  con- 
ducting wires,  that  nails  have  been  made  red  hot,  and  the  wood 
in  which  they  stuck  set  fire  to.  The  electric  currents  used  for 
electric  lighting  have  a  relatively  low  electric  pressnre.  As  a  rule 
it  does  not  exceed  that  of  a  galvanic  battery  of  100  Daniell  cells, 
or  volts.  Such  an  electric  pressure  has  no  measurable  striking 
distance.  Even  with  pressure  of  a  thousand  volts,  no  spark 
passes  over  between  the  conducting  wires  or  from  them  to  other 
bodies  without  previous  metallic  contact.  The  often  repeated 
statement,  that  sparks  of  lightning-like  flashes  had  passed  from 
the  conductors,  can  therefore  only  rest  on  self-delusion.  A  con- 
ducting wire  fixed  to  wood,  can  certainly  become  red  hot  and 
set  fire  to  the  wood,  if  it  is  too  thin  in  proportion  to  the  current 
which  traverses  it,  or  if  it  consists  of  not  sufSciently  well  con- 
ducting material.  But  then  again  it  is  not  electricity  but  the 
bad  workmanship  that  is  at  fault.  Well-arranged  electric 
lighting  does  not  ofier  all  these  dangers,  and  must  be  considered 
completetely  dangerless. 

The  dangers  to  life  and  health  through  electric  machines  and 
conductors  are  equally  exaggerated.  With  very  high  tension 
electric  currents,  as  they  have  been  lately  carried  out  by  Brush 
in  America  it  can  indeed  be  dangerous  to  life,  if  one  simultaneously 
touches  both  terminals  of  the  electric  machines,  or  the  conducting 
wires,  as  the  powerful  current  traversing  the  body  produces  a 
muscular  contraction,  which  makes  it  impossible  to  leave  hold 
again  quickly.  In  order  to  avert  this,  the  conductors  must  be 
protected  against  accidental  touching.  If  anyone  does  it  in- 
tentionally, as  was  the  case  in  an  instance  cited  with  a  Brush 
machine,  he  runs  wilfiiUy  into  danger,  as  if  he  placed  his  hand 
under  the  driving  belts  of  a  machine.  That  the  danger  is  not 
exceedingly  great,  may  be  gathered  i^om  the  circumstance,  that  in 
the  factory  of  Siemens  and  Halske,  in  which  more  than  anywhere 
else  in  the  world,  strong  electric  currents  are  experimented  with, 
no  one  has  been  injured  by  the  electric  current. 

But  if  electric  lighting  is  not  always  quite  free  firom  fire  risks, 
yet  it  can  certainly  not  be  at  all  brought  into  comparison  with 
the  fire  risk  of  any  other  kind  of  illumination  and  especially  gas 
lighting.    With  this  there  is  specially  the  danger  of  explosion. 
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which  has  happened  everywhere,  where  unbumt  gas  has  mixed 
with  air,  which  so  much  increases  fire  risk.  Farther  the  lighting 
of  gas  flames  in  spaces  which  are  filled  with  easily  combustible 
materials,  as  in  theatres,  is  always  attended  with  considerable  risk 
of  fire,  a  danger  which  is  equally  prevented  by  electric  lighting,  as 
the  danger  of  explosion,  and  that  of  poisoning  by  outstreaming 
unbumt  gas. 

Against  the  application  of  electricity  to  the  lighting  of  theatres, 
the  consideration  has  hitherto  been  opposed  not  without  reason, 
that  illumination  by  means  of  strong  electric  lights  disturbs  the 
artistic  effect  aimed  at,  as  the  shadows  are  so  strong  and  unequal, 
and  the  blue  light  is  unsuitable.    For  the  greater  part  these  not 
unfounded  opinions  have  been  removed  by  the  division  of  the 
electric  light  first  accomplished  by  the  firm  of  Siemens  and 
Halske.    By  means  of  the  differential  lamps,  which  are  at  present 
everywhere  brought  into  use,  in  forms  only  unessentially  different, 
the  light  passes  out  from  one  source  of  electricity,  can  now  within 
wide  limits  be  divided  in  space,  and  ugly  shadows  thus  prevented. 
That  the  electric  light  is  bluish,  is  an  error  which  depends  on 
self-illusion,  as  I  have  already  shown  in  another  place.    By  direct 
comparison  of  the  colour  of  sunlight  with  that  of  electric  light  it 
is  proved  without  doubt,  that  an  electrically  illuminated  white 
object  compared  with  one  illuminated  by  sunlight  appears  yellow, 
whilst  illuminated  by  gas  light  it  appears  red.    The  self  deception 
only  exists  in  that  we  are  accustomed  to  see  the  world  lighted  red 
after  sunset,  and  that  ftt)m  this  basis  we  form  a  different  scale  of 
colour.    Daylight  would  then  at  night  also  appear  blue  to  us,  like 
yellow  electric  light.     This  false  impression  would  be  overcome 
if  electric  light  were  universally  applied.    But  as  this  is  not  yet 
the  case  nor  will  be  for  some  time,  and  as  the  collection  of  colours 
of  stage  decorations,  of  the  toilets  and  make  up  of  the  players  have 
been  arranged  in  the  first  place  for  illumination  by  red  gas  or 
lamp  light,  the  objection  to  stage  illumination  by  electric  light 
must  be  acknowledged  as  well  founded.    Progressive  electrical 
science  has  however  already  found  assistance  in  the  improvement  of 
the  incandescence  electric  light.     The  incandescence  light  in 
contradistinction  to  the  electric  arc  is  really  the  oldest  manner 
of  producing  light  by  the  electric  current.      Already  Yolta,  the 
great  discoverer  of  the  electric  current  and  of  the  battery  called 
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after  him,  found  that  wires  glowed  brightly,  when  they  were 
traversed  by  powerful  electric  currents.  Subsequently  it  has  been 
frequently  tried,  to  utilize  this  phenomenon  for  the  purposes  of 
illumination.  Grove  the  celebrated  discoverer  of  the  battery 
named  after  him  had  already  busied  himself  with  the  practical 
realization  of  the  incandescence  light,  and  brought  into  use  for 
the  purpose  both  platinum  wires  and  plates  of  carbon.  There  is 
besides  the  incandescence  lamp  of  Mr.  King  to  be  mentioned,  who 
caused  pieces  of  carbon  to  glow  in  the  Toricellian  vacuum.  Finally 
later  Jobard,de  Changy,and  especially  Lodyguine  in  St.  Petersburg 
have  busied  themselves  with  the  incandescence  light.  By  Edison, 
Swan,  Maxim,  and  others  these  incandescence  lamps  have  recently  by 
degrees  been  further  improved  by  better  construction  of  the  carbon 
filaments  and  perfection  of  the  vacuous  space,  in  which  they  are 
brought  to  the  glow.  It  has  hence  been  possible  to  produce  incan- 
descence lamps,  which  have  the  illuminating  power  of  strong  gas 
flame,  and  can  bum  for  months  without  the  delicate  carbon  filaments 
being  wasted  or  broken.  The  energy  which  must  be  consumed 
for  the  production  of  such  incandescence  lights  is  indeed  always 
considerably  greater  than  for  electric  arcs,  one  can  however 
extend  by  their  means  the  division  of  the  electric  light  up. to 
any  desired  limit.  For  the  purpose  of  theatre  lighting  especially 
the  incandescent  carbon  lights  have  the  special  advantages,  that 
with  them  the  danger  of  fire  is  almost  entirely  removed,  that 
they  are  exceedingly  easy  to  light,  to  extinguish  and  to  modify  in 
strength,  and  that  the  colour  of  the  light  is  reddish  like  that  of 
gas.  Even  in  the  case  of  the  breaking  of  such  incandescence 
lamps  there  is  no  fire  risk,  for  the  little  thread  of  carbon  then 
breaks,  and  becomes  black  almost  immediately.  It  could  not 
even  set  fire  to  touchwood  surrounding  it. 

By  a  combination  of  true  electric  lighting  by  means  of 
differential  lamps  with  incandescence  lamps  the  problem  of 
dangerless  illumination  of  theatres  can  be  solved  in  an  almost 
perfect  manner.  If  the  curtain  is  down,  a  bright  vivifying  light 
should  illuminate  the  auditorium.  This  can  be  attained  almost 
in  a  moment  by  a  corresponding  number  of  properly  placed 
differential  lamps,  and  also  this  bright  illumination  can  be 
removed  in  a  moment  before  the  raising  of  the  curtain.  Then  the 
auditorium  will  be  lighted  with  a  mild,  and  like  the  stage  with  a 
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Tcddiflh  light.  For  this  purpose  one  has  only  to  place  one  or 
more  circles  of  incandescence  lamps  in  the  gallery,  which  remain 
continnally  in  action.  In  the  same  way  the  corridors  and 
staircases  can  be  lighted.  In  order  that  in  case  of  the  failure  of 
a  machine,  or  the  breaking  of  a  wire  darkness  may  not  occor,  one 
will  haTe  had  the  foresight  to  arrange  two  quite  different  circuits 
with  separate  machines,  and  to  connect  the  incandescence  lamps 
alternately  to  one  or  other  circuit.  In  very  large  buildings  three 
or  even  more  circuits  could  be  arranged,  whereby  the  safety  of  the 
illumination  would  be  almost  absolute.  It  is,  however,  specially 
important  to  banish  gas,  as  liable  to  occasion  fire,  as  well  as  all 
flame  lighting  from  the  stage.  For  this  purpose  there  can  hardly 
be  more  suitable  illumination  than  the  electric  incandescence  light. 
Incandescence  lamps  can  be  arranged,  lighted  and  extinguished 
everywhere  with  great  ease,  after  the  conductors  Bre  once  securely 
and  firmly  placed,  and  every  lamp  for  itself  or  in  series  from  one 
place,  the  strength  and  colour  of  the  light  can  be  increased  or 
diminished  at  will  from  dark  red  up  to  the  reddish  white  light 
of  the  best  gas  light,  and  this  illumination  is  so  absolutely 
without  danger,  that  the  hermetically  closed  little  lamps,  only 
broken  with  difficulty,  can  be  brought  into  direct  contact  with  the 
most  combustible  material. 

All  these  circumstances  make  electric  lighting  so  specially 
suitable  for  theatre  lighting,  that  it  now  only  appears  to  be  a 
question  of  time  for  a  theatre  to  be  seen  without  it  To  shorten  this 
time  as  far  as  possible,  it  is  much  to  be  wished  that  electrotechnic 
knowledge  had  a  greater  extension.  At  all  technical  schools,  at 
least  at  all  the  technical  high  schools,  chairs  of  electrical 
engineering  should  be  founded,  in  order  to  make  at  least  our 
technical  youth  better  acquainted  with  the  science  of  electricity 
and  its  technical  application.  With  increasing  knowledge  the 
now  prevailing  fear  with  reference  to  the  application  of  electric 
light  would  be  diminished,  and  a  number  of  universally  extended 
prejudices  against  it  would  be  removed. 

As  incandescence  electric  lamps  have  not  been  hitherto  brought 
before  this  society,  I  have  made  a  collection  of  the  best  known 
and  best  forms  of  them,  and  will  set  them  in  action  before  you 
one  after  another. 

The  first  is  the  incandescence  lamp  of  Ghaugy  in  Paris,  whose 
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experiments  with  incandesccDce  lamps  Jobard  already  mentioned 
about  twenty  years  ago.  The  carbon  consists  of  carbonized 
blades  of  a  kind  of  grass.  The  second  is  the  well  known  Swan 
incandescence  lamp,  the  third  the  Edison.  Both  of  these  are 
carbonized  plant  fibres. 

The  others  have  come  from  our  factory  (Siemens  and  Halske). 
They  differ  from  each  other  in  that  the  incandescent  carbon  does 
not  consist  of  natural  plant  fibre,  but  of  pressed  coke  or  graphite 
rods.  This  method  has  the  great  advantage,  that  the  conductive 
resistance  of  such  long  pieces  of  carbon  is  always  the  same,  so  that 
all  the  lights  are  equally  bright,  without  necessitating  any  special 
regulation. 

As  the  time  is  so  far  advanced  I  will  not  on  this  occasion  enter 
into  the  theory  of  incandescence  lamps,  but  I  will  reserve  this  for 
a  future  meeting. 


IMPROVEMENTS  IN  DYNAMO-ELECTRIC  AND 
ELECTRO-DYNAMIC  MACHINES.* 

The  rotary  dynamo-electric  machine  shewn  in  Figs.  179  and 
180,  which  also  serves  as  an  electro-dynamic  machine,  when 
the  position  of  the  commutator  is  altered,  differs  from  all 
dynamo-electric  machines  hitherto  known,  principally  in  that  in 
it,  in  the  same  way  as  in  the  oscillating  electro-dynamic  machine 
of  Page,  the  same  coils  of  wire  in  which  the  current  is  induced 
also  excite  the  effective  magnetism. 

An  iron  sheet  a  is  bent  into  an  open  cylinder.  The  missing 
piece  a^  can  be  filled  up  with  brass,  or  other  non-magnetic  metal. 
At  one  end  of  the  hollow  cylinder  thus  formed,  is  fixed  a  toothed 
wheel  c  of  the  same  thickness  as  the  wall  of  the  cylinder.  The 
cylinder  rotates  between  the  six  friction  rollers  ddd  and  d^dy^^  of 
which  the  first  thi-ee  are  connected  with  pinions  bbb,  which  gear 
with  the  toothed  wheel  of  the  cylinder.    At  the  end  of  the  axles 

*  (German  Patent,  No.  19779,  of  2nd  February,  1882.) 
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///on  vhioh  are  fixed  the  fHction  rollers  and  the  drivers,  there 
are  three  similar  pinions  ^j*^,  which  gear  in  the  toothed  wheel  h. 


placed  on  the  main  axle  1^  which  runs  through  the  whole 
machine.  This  axle  and  the  cylinder  must  therefore  rotate 
omfoimly.    The  rotating  cylinder  is  surrounded  by  the  brass 
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plate  cylinder  Jo  and  h^,  which,  after  the  cylinder  is  fitted  with  its 
driving  wheel  into  the  ring-shaped  intervening  space,  which  they 
together  form,  is  covered  in  by  the  rings  I  and  ^  made  of 
insulating  material.  The  outer  plate  cylinder  Ic  is  provided  with 
grooves,  at  the  three  parts  of  the  periphery  which  lie  symmetrical, 
where  the  friction  rollers  and  driving  wheels  must  be  in  contact 
with  the  iron  cylinder.  It  is  further  fixed  to  the  brass  plates 
m,  m,  my  which  at  their  ends  are  connected  with  the  frame  n  n,  so 
that  the  iron  ring  can  freely  rotate  in  tlie  closed  ring-shaped 
space,  which  is  formed  by  the  brass  plate  cylinders  h  and  i^,  and 
the  insulating  end  rings  I  and  l^.  The  free  remaining  portion  of 
the  cylindrical  shaped  hollow  space  between  the  three  brass  plates 
m,  m,  my  which  surrounds  the  iron  cylinder,  is  wound  with 
insulated  wire  in  the  usual  way.  The  wire  is  divided  into 
]  8  (as  shewn)  or  more  or  fewer  divisions,  the  ends  of  which  have 
the  86  springs  o  o,  which  are  so  fixed  to  the  ring  p  which  is 
formed  of  insulating  material,  that  two  opposite  springs  are 
always  in  contact  at  their  ends.  The  commencement  of  each 
wire  division  is  always  connected  with  one  spring  of  one  side 
of  the  ring,  the  corresponding  wire  end  with  the  spring  on  the 
other  side  of  the  insulating  ring  so  that  the  whole  winding 
wire  is  closed  through  the  touching  contacts  of  the  18  pairs  of 
springs.  The  springs  are  arranged  so  that  the  whole  of  their 
contact  places  lie  in  a  plane  standing  at  right  angles  to  the  main 
axle  of  the  apparatus.  On  this  axle  itself  rest  two  thin  projections 
r  and  r^  of  brass  with  the  corresponding  friction  rings  b  and  «i. 
These  separating  knives  are  covered  on  the  one  surface  with 
insulating  material  (ivory,  stone,  etc.)  or  may  consist  of  two 
metal  plates  insulated  from  one  another.  They  are  so  arranged 
with  their  sliding  rings  on  the  axle  that  they  stand  in  the  plane 
of  the  spring  contacts,  and  by  the  rotation  of  the  axle  pass 
through  between  the  springs,  and  two  pairs  of  springs  at  least 
are  always  separated  from  one  another.  As  the  insulated  side 
pieces  of  both  knives  lie  on  different  sides,  the  consequence  is,  that 
the  circuit  is  broken  through  them,  at  two  parts  lying  opposite  to 
one  another.  The  current  is  for  one  half  of  the  wire  spirak 
simultaneously  directed  through  the  conducting  side  of  the  knife, 
the  sliding  ring  belonging  to  it  and  the  contact  springs  i  and 
4  sliding  on  them,  whilst  the  other  half  remains  coptinuouFly 
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infcerrapted.  The  knives  are  so  arranged  around  the  axle  that 
one  interrapts  the  winding  wire  of  that  division  of  the  wire, 
and  connects  it  with  its  sliding  spring,  which  stands  exactly  over 
the  brass  segment  of  the  rotating  cylinder,  whilst  the  other  is  so 
arranged  that  the  action  of  the  machine  is  at  its  greatest.  If  the 
iron  plate  bent  into  an  open  ring  retains  a  small  quantity  of 
magnetism  and  if  the  cylinder  is  turned  in  the  right  direction, 
there  appears  a  current  in  the  coils  of  the  closed  side,  which 
acting  increasingly  on  the  magnetism  of  the  iron  core  brings 
about  the  dynamo-electric  strengthening  of  the  magnetism  and 
with  it  of  the  current  traversing  the  windings.  If  the  spring  ring 
is  on  the  contrary  so  arranged,  that  the  springs  can  be  turned  in 
the  opposite  direction,  the  machine  is  set  in  rotation  by  a  current 
traversing  it,  it  therefore  serves  as  an  electro-dynamic  motor.  To 
strengthen  the  magnetic  field  of  the  electro-magnets  bent  into  the 
form  of  the  cylinder,  a  length  of  iron  wire  is  wound  over  the 
wire  spirals.  By  placing  an  iron  tube  in  the  space  within  the 
windings,  this  strengthening  action  may  be  still  further  increased. 
If  the  machine  is  so  arranged,  to  serve  as  an  electro-dynamic 
machine  (or  electric  motor)  and  if  the  direction  of  turning  can 
be  altered  at  will,  the  springs  must  be  so  fixed,  as  to  allow  of 
rotation  in  both  directions,  and  each  of  the  two  surfaces  of  the 
knife  insulated  from  one  another  must  be  provided  with  a  slide 
ring.  Reversing  the  direction  of  rotation  is  then  effected  through 
the  change  of  the  pair  of  slide  rings  employed. 

As  with  this  machine,  the  same  wire  which  effects  the  magnetiza- 
tion  of  the  iron  produces  also  either  current  or  force,  less  energy 
is  lost  with  it  by  heating,  non-current,  or  force  producing  wires 
than  with  previous  dynamo-electric  and  electro-dynamic  machines. 
In  the  same  way  the  advantage  is  also  secured,  that  the  inner 
portion  of  the  winding  wire  exerts  the  full  magnetizing  action 
on  the  iron  of  the  whole  magnet.  This  is  also  the  case  if 
the  rotating  cylinder  is  formed  of  two  or  more  iron  plates 
separated  by  non-magnetic  material  instead  of  a  piece  of  iron 
bent  into  a  circle,  as  the  direction  of  magnetization  remains 
the  same  with  all  the  magnets,  consequently  the  inner  wires 
act  magnetizingly  also  on  all  in  the  right  direction.  In  this 
case  the  working  coils  of  the  several  magnets  must  either  be 
placed  in  parallel  or  if  they  must  be  traversed  in  series  by 
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the  current,  a  pair  of  knires  with  slide  rings  most  be  applied 
for  each  of  the  rotating  magnets.  Instead  of  using  knives  as 
described  of  which  one  side  is  insulated,  they  can  be  made 
altogether  of  metal  in  order  to  let  a  knife  made  out  of  insulating 
material  follow  the  latter  in  the  direction  of  rotation,  which 
interrupts  continuously  that  division  of  the  winding  wire  which 
is  not  to  be  traversed  by  a  current. 

Claims. 

1.  The  use  of  one  or  more  circularly  bent  ring  pieces  of  iron, 
which  rotate  between  friction  rollers  within  fijced  windings. 

2.  The  transference  of  the  rotation  of  the  inner  cylinder 
consisting  partly  of  iron  to  the  axle  of  the  apparatus  through 
one  or  more  toothed  wheels  fixed  to  the  same,  in  which  drivers 
gear. 

3.  The  connection  of  the  wire  ends  of  the  divisions  of  the 
winding  wire  into  a  closed  wire  coil  through  insulated  fixed  pairs 
of  springs,  which  through  their  spring  force  are  held  in  contact 
with  another. 

4.  The  continued  conductive  connection  of  the  closed  wire  coils 
at  two  or  more  places  with  proper  slide  rings  and  the  simul- 
taneous breaking  of  it  at  other  proper  places  through  knife- 
like projections  situated  on  the  axle,  which  pass  through  the 
contact  springs. 


ELECTRIC  ENERGY  METER.* 

The  electric  energy  in  a  portion  of  a  circuit,  which  is  traversed 
by  an  electric  current,  employed  for  any  purposes  whatever  is 
measured  according  to  known  principles  by  the  product  E  J, 
that  is,  the  strength  of  cuiTent  multiplied  into  the  difference  of 
potential  at  the  ends  of  the  respective  portion  of  the  circuit. 

The  apparatus  shown  in  plan  in  the  accompanying  drawing 

•  (Gennan  Patent,  No.  23349,  of  17th  September,  1882.) 
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(Fig.  181)  has  for  its  parpoae,  to  register  the  Bam  of  these  prodacts 
in  terms  of  a  unit  of  work  to  be  chosen  at  pleasore. 

The  apparatus  consists  essentiallf  of  the  two  circular  discs  a 
and  h.  One  of  these  discs  a  is  tnmed  uniformly  by  means  of 
clockwork.  On  it  rolls  the  little  wheel  c,  against  which  the  disc  a 
is  continually  pressed  by  the  spring  d  pressing  against  the  end  of 

Fig.  181. 


its  asis  of  rotation.  The  little  wheel  c  can  be  displaced  from  the 
centre  of  the  disc  op  to  its  periphery  by  the  iron  or  magnet  bar  » 
by  means  of  the  magnetic  action  of  the  solenoid  /,  when  it  is 
traversed  by  an  electric  current.  The  shifting  is  resisted  by  the 
spiral  spring  g.  By  a  proper  form  and  position  of  the  iron  core 
and  of  the  spring  g,  the  amount  of  the  motion  may  become  a 
measure  of  the  strength  of  current  in  the  solenoid.  The  velocity  of 
rotation  of  the  little  wheel  c  is  then  also  a  measure  of  the  strength 
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of  carreDt  at  that  time.  The  axle  of  the  little  wheel  c  is  so 
conpled  at  its  other  end  with  the  axle  of  the  diso  ft,  that  the 
displacement  of  the  little  wheel  c  is  not  prevented  thereby.  The 
velocity  of  rotation  of  the  disc  h  is  consequently  also  proportional 
to  the  strength  of  current  in  the  solenoid/.  On  this  disc  h  there 
rolls  a  second  little  wheel  h  with  the  movable  axle  t,  the  shifting 
of  which  is  effected  in  the  same  way  as  that  of  the  little  wheel  c 
through  the  iron  or  magnet  bar  lo  and  the  corresponding 
solenoid  I,  The  velocity  of  rotation  of  the  little  wheel  li  is  then 
again  a  measure  of  the  strength  of  current  in  the  solenoid  /,  when 
the  disc  d  is  uniformly  turned  by  the  little  wheel  c.  Otherwise 
the  velocity  of  rotation  of  the  little  wheel  h  is  dependent  on  the 
amount  of  the  shifting  of  both  little  wheels ;  it  is  therefore  a 
measure  of  the  product  of  the  strength  of  current  in  both 
solenoids.  If  therefore  one  of  the  two  solenoids  forms  a  portion  of 
the  main  circuit,  so  that  the  whole  current  J  or  a  proportionate 
shunt  from  the  same  traverses  it,  and  if  the  other  solenoid  is 
formed  of  fine  wire  of  proportionately  great  resistance,  which 
constitutes  a  shunt  to  the  length  of  conductor  the  energy  in 
which  is  to  be  measured,  the  attracting  force  of  this  solenoid,  and 
consequently  the  amount  of  shifting  of  the  corresponding  little 
wheel  from  the  centre  of  the  disc  to  its  periphery,  is  a  measure  of 
the  difference  of  potential  E  at  the  ends  of  the  length  of  con- 
ductor. The  velocity  of  rotation  of  the  little  wheel  h  is  conse- 
quently the  desired  measure  of  the  electric  work  E  J  consumed 
in  the  length  of  conductor.  By  means  of  the  counter  m 
connected  with  the  little  wheel  A  the  number  of  its  revolutions 
is  summed  up  so  that  the  difference  of  two  readings  of  the  counter 
at  all  times  gives  the  measure  of  the  electric  work  consumed  in 
the  length  of  conductor  during  the  time  elapsed  between  them. 
The  way  in  which  the  electricity  is  used  in  the  conductor  is 
therefore  altogether  without  influence  on  the  reading  of  the 
apparatus. 

Instead  of  flat  discs,  which  are  always  pressed  by  springs  or 
weights  against  the  little  wheels,  cones  can  also  be  used,  along  the 
sides  of  which  the  little  wheels  are  displaced. 

Instead  of  the  iron  or  magnet  bars,  solenoids  can  be  used  to 
make  the  instrument  available  also  for  alternating  currents. 
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In  an  electric  energy  meter  with  two  registering  wheels  which 
roll  on  discs,  of  which  one  is  nniformlj  tnrned  by  means  of 
clockwork,  whilst  the  other  is  set  m  rotation  by  the  registering 
wheel  of  the  first  disc,  the  shifting  of  one  little  wheel  by  the  main 
current  and  of  the  other  by  the  current  of  a  shunt  of  relatively 
great  resistance  in  such  a  way  that  the  distance  of  the  little 
wheels  from  the  centres  of  the  discs  is  directly  proportional  to  the 
strength  of  the  currents. 


IMPROVEMENT  IN  REGULATING  ARRANGEMENTS.* 

If  a  cylinder  is  movable  in  the  direction  of  its  axis  of  rotation, 
a  roller  which  rolls  on  its  surface  under  strong  pressure,  exerts  no 
pushing  influence  on  the  rotating  cylinder,  when  the  axis  of  the 
roller  is  parallel  to  the  axis  of  the  cylinder.  But  if  the  roller  is 
turned  round  somewhat,  so  that  the  plane  of  rotation  of  the  roller 
is  no  longer  perpendicular  to  the  axis  of  the  rotating  cylinder,  the 
touching  point  between  the  roller  and  the  surface  of  the  cylinder 
describes  a  spiral  on  the  latter  (Fig.  182); 

This  spiral  is  right  or  left  handed  according  as  the  roller  is 
turned  to  the  right  or  left. 

As  the  roller  revolving  in  its  bearings  cannot  change  its 
position,  the  cylinder  must  move  to  the  right  or  left  in  the 
direction  of  its  axis,  according  to  the  twist  of  the  spiral.  This 
motion  lasts  as  long  as  the  oblique  position  of  the  roller,  and 
changes  its  direction,  if  the  roller  is  turned  in  the  opposite 
direction  out  of  its  position  vertical  to  the  axis  of  the  cylinder. 
The  force  with  which  the  displacement  of  the  cylinder  takes 
place,  is  equal  to  the  amount  of  friction  between  the  roller  and 
cylinder  ;  it  is  therefore  very  considerable,  if  the  pressure  between 
the  roller  and  cylinder  is  great  and  the  surfaces  are  not  greased. 

*  (German  Patent,  No.  22618,  of  80th  September,  1882.}. 
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Bat  even  in  the  last  case  the  shifting  force  is  considerable 
because  the  pressure  is  concentrated  on  one  point,  or  at  least  on  a 
very  small  snr&oe. 

This  moving  mechanism  is  specially  suitable  for  the  constraction 
of  governors  for  steam  engines  or  other  motors.  If  the  axle  of 
the  shifting  cylinder  is  connected  with  the  throttle  valve  or  the 
expansion  gear  of  a  steam  engine,  with  the  gas  supply  regulator 
of  a  gas  engine,  <&c.  and  if  the  position  of  the  roller  is  made 
dependent  on  the  speed  of  rotation  of  the  machine  to  be  kept 
constant  or  its  driving  force,  in  such  way  that  the  roller  is 


Fig.  182. 


perpendicular  to  the  axis  of  the  cylinder  with  a  normal  rate  or 
normal  load  of  the  engine,  then  the  engine  must  after  short 
variations  of  regulation  return  at  once  absolutely  to  its  normal 
rate.  As  moreover  for  turning  the  roller  even  with  very  strong 
pressure  against  the  wall  of  the  cylinder  only  a  very  slight  force 
is  necessary  quite  independent  of  the  resistance,  which  opposes 
the  motion  of  the  cylinder,  a  very  slight  regulating  force  is 
therefore  suflBcient,  if  the  driving  force  of  the  regulating  arrange* 
ment  is  a  considerable  one. 

In  the  Figm*es  183-185  some  arrangements  of  this  regulating 
mechanism  are  shown. 

Fig.  183  represents  a  steam  engine  governor  in  side  view ;  a  is 
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the  movable  cylinder  on  which  the  roller,  h,  tnms,  which  can 
rotate  in  the  bearings,  c  and  c^.  The  pressure  of  the  roller  against 
the  wall  of  the  cylinder  is  eflfected  by  the  spring,  «,  which  presses 
against  the  head  of  the  pin,  dy  of  the  roller.  The  roller  is  turned 
by  the  arm,/,  fixed  to  the  pin,  d,  by  means  of  the  bent  lever,  ^,  the 
other  arm  of  which  gears  in  the  sliding  collar  of  a  small  Watt 
governor.    By  means  of  the  mitre  wheels,  i  and  i,,  and  the 

Fig.  183. 


leather  belt,  hy  both  the  movable  cylinder  and  the  governor 
spindle  are  set  in  motion.  The  rotation  of  the  throttle  valve  or 
the  setting  of  the  variable  expansion,  takes  place  in  any  known 
way  through  the  shifting  of  the  axle  of  the  cylinder.  Only 
a  very  slight  regulating  motion  is  given  to  the  regulator  balls, 
as  the  roller,  ^,  needs  be  turned  only  to  a  slight  degree  in 
one  direction  or  the  other,  in  order  in  a  short  time  to  give 
the  necessary  efPective  regulating  motion  to  the  cylinder,  a,  which 
brings  back  the  rate  of  the  engine  absolutely  to  the  normal 
velocity. 
Fig.  184  shows  the  application  of  the  described  mechanism 
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to  the  regulation  of  the  action  of  a  pamping  engine,  which 
is  to  fill  a  distant  reservoir  up  to  a  certain  height.  The  arm,/, 
fixed  on  the  pivot  of  the  roller,  carries  in  this  case  at  its  end  a 
small  iron  cylinder,  Z,  which  is  opposite  to  two  solenoids,  m  and 
mi.  By  means  of  a  float  in  the  reservoir  an  electric  current 
is  sent  through  the  solenoid,  effecting  the  closing  of  the  steam 
valve,  etc.,  when  the  float  rises  above  the  normal  position,  whikt 
a  current  traverses  the  solenoid,  effecting  the  opening,  when 
the  float  sinks  below  the  normal  position. 
In  Fig.  185  an  arrangement  is  shown  by  means  of  which 

Fig.  184. 
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the  velocity  of  rotation  of  the  motor  is  to  be  regulated  so  that 
a  solenoid  is  always  traversed  by  a  current  of  determined 
strength.  Here  the  arm,/,  is  connected  with  an  iron  cylinder,  n, 
which  is  attracted  by  the  solenoid,  o,  when  it  is  traversed  by 
a  current.  By  this  means  the  spring,  p,  is  pressed  together 
to  a  degree  corresponding  to  the  strength  of  the  current.  If 
the  arm  is  so  arranged,  that  with  the  desired  strength  of 
current  the  roller  stands  at  right  angles  to  the  axis  of  the 
cylinder,  this  strength  of  current  must  aJways  be  maintained. 

If  in  an  electric  circuit,  in  which  circulates  a  current  generated 
by  a  dynamo  machine,  the  strengths  of  current  are  to  remain 
constant,  this  current,  or  a  shunt  from  it,  is  allowed  to  circulate 
through  the  solenoid,  o,  wound  with  suitably  chosen  wire.  If,  on 
the  other  hand,  the  potential  difference  is  to  remain  constant,  the 
solenoid,  o,  is  wound  with  fine  insulated  wire  of  great  resistance, 
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and  the  latter  is  placed  in  a  shunt  to  that  circuit,  in  which 
the  difference  of  potential  is  to  be  kept  constant  If,  finally,  the 
electric  output  of  the  dynamo  machine  is  to  be  kept  constant, 
the  iron  cylinder,  n,  is  replaced  by  a  solenoid,  and  the  main 
current  is  allowed  to  pass  through  one  of  the  two  solenoids, 
and  that  of  the  shunt  through  the  other.  The  rate  of  the  motor 
is  then  so  regulated  that  the  product  of  the  strength  of  current 
and  potential  difference  (therefore  the  electric  work  of  the 
dynamo  machine)  is  maintained  constant. 
Instead  of  one  revolving  roller  two  or  more  can  be  used. 

Fig.  186» 


which  are  so  connected  that  they  always  remain  parallel  to 
one  another.  Further,  for  the  reduction  of  the  friction  resistance 
of  the  axle  of  the  cylinder,  rollers  can  be  arranged  in  their 
bearings  on  two  sides  of  the  rotating  cylinder  opposite  to  each 
other,  which  must  then  be  turned  in  common  in  the  sense  of  the 
screw  line  to  be  wound  on  the  cylinder. 

Patent  Claim* 

The  regulation  of  steam,  gas,  and  other  motors  in  such  wise, 
that  the  work  required  to  effect  the  regulation  is  directly 
supplied  by  the  machine  by  means  of  the  rotation  of  a  cylinder 
movable  in  its  bearings,  whilst  the  slight  regulating  force 
shifting  this  in  one  direction  or  the  other  by  the  rotation  of 
one  or  more  loaded  rollers,  which  roll  on  the  surface  of  the 
cylinder. 
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ON  THE  HISTORY  OF  THE  DYNAMO  -  ELECTRIC 

MACHINE* 

On  the  17th  January,  1867,  I  fully  brought  before  the 
Berlin  Academy  of  Sciences  the  theory  of  the  dynamo-electric 
machine,  after  I  had  already  in  the  beginning  of  December,  1866, 
shown  such  a  machine  in  action  in  the  factory  to  many  members 
of  the  Academy.  As  I  was  not  at  that  time  a  member  of  the 
Academy,  Professor  Magnus  undertook  to  lay  the  matter  before 
the  Academy  at  its  first  meeting  after  the  vacation  (on  the 
17  th  January).  This  was  the  first  publication  of  the  principle, 
and  in  it  the  new  name,  "  Dynamo  -  electric  "  machine,  was  first 
proposed  by  me.  At  my  recommendation,  and  on  the  basis 
of  my  communication,  my  brother.  Dr.  C.  William  Siemens, 
sent  at  the  end  of  January  a  communication  on  the  subject 
to  the  Royal  Society  in  London.  About  fourteen  days  later, 
Professor  Wheatstone  sent  a  paper  on  the  same  combination 
to  the  same  Society.  Both  William  Siemens  and  Wheatfitone 
read  their  communications  on  the  same  day,  William  Siemens 
having  given  the  prior  notice.  From  this  double  communication 
it  was  held  in  England  that  Wheatstone  and  I  had  made  and 
published  the  discovery  simultaneously.  This  was  entirely  false, 
as  my  first  publication  through  the  Berlin  Academy  was  quite  a 
month  earlier. 

About  a  year  later  a  provisional  specification  of  the  brothers 
Varley  of  the  24th  December,  1866,  became  known,  which 
had  previously  been  kept  secret  In  this  the  dynamo-electric 
principle  was  in  fact  included.  It  was  not  discussed  theoretically 
at  all,  and  the  one  essential  principle — the  strengthening  of  the 
current  by  reversing  the  motion  of  the  machine — was  not  once 
mentioned.  According  to  English  patent  law,  this  provisional 
specification  gave  the  brothers  Varley  commercial  rights.  In 
science,  however,  the  principle  introduced  by  Arago,  and  adopted 
by  the  French  Academy,  which  is  generally  accepted,  holds  good, 
viz.  that  a  right  of  priority  belongs  to  him  who  has  first  com- 
municated a  new  idea  in  a  clearly  comprehensible  manner  through 

*  (Journal  of  the  Yerein  deutsches  Ingenieare,  Vol.  26,  p.  671.     1882.) 
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printing  or  oommanication  to  an  Academy  or  Society  which 
publishes  its  proceedings.  Even  if  it  is  assumed  that  Yarlej 
and  Wheatstone  discovered  the  dynamo-electric  principle  con- 
temporaneously with  me,  or  even  earlier  than  I  did,  or  had 
practicaUy  used  it,  still  the  priority  belongs  to  me  alone,  for 
I  first  made  the  publication  for  the  public  benefit.  If,  moreover, 
Wheatstone^s  son-in-law,  Mr.  Sabine,  asserts  that  he  had  already 
discovered  the  principle  early  in  the  year  1866  he  has  not  pro- 
duced any  proof  of  it.  If  the  apparatus  brought  before  the  Royal 
Society  in  February,  1867,  was  already  made  in  the  previous 
summer  by  Mr.  A.  Stroh,  this  indeed  proves  nothing.  That  which 
the  mechanic  made,  was*  a  magneto-electric  exploder  with  Siemens* 
armature,  such  as  had  been  made  for  years.  It  only  became 
a  dynamo-electric  machine  by  the  connections.  Such  data 
cannot  prove  claims  of  priority.  Still  less  tenable  are  the  data 
contained  in  the  French  journals,  according  to  which  Hjorth, 
Pacinotti,  and  others  had  already  used  the  dynamo-electric 
principle  earlier.  Both  have  only  described  magneto-electric 
machines,  in  which  steel  magnets  produced  the  original  current, 
which  the  first,  and  later  also  Wilde,  then  strengthened  by  means 
of  electro-magnetism. 

These  are  the  actual  data  on  which  my  claim  of  priority  rests. 
If  no  opposite  certified  facts  are  brought  against  it,  I  maintain  it 
and  will  support  it  against  any  one.  Besides,  any  one  who  has 
read  my  publication  of  the  17th  January,  1867,  will  allow  that  it 
contains  a  perfect  theory  of  the  thing,  that  it  gave  results 
practically  carried  out,  and  already  referred  to  its  great  importance. 
That  a  certain  design  is  not  wanting  in  obscuring  my  claim 
to  priority  follows  from  the  exhibition  reports,  which  were  com- 
municated to  the  Society  of  Telegraph  Engineers.  Mr.  Sabine 
himself,  under  the  title  "  Original  Dynamo-electric  Machine," 
after  he  had  stated  Wheatstone  to  be  the  inventor  and  first  maker 
of  this  machine,  does  not  say  a  word  of  the  paper  of  my  brother, 
.  Dr.  C.  William  Siemens,  which  was  sent  in  and  read  before  that  of 
Wheatstone,  and  only  refers  to  mine  at  the  end  in  a  short  remark: 
**  Dr.  Siemens  read  a  paper  before  the  Berlin  Academy  of  Sciences 
on  the  same  subject." 

As  Mr.  Sabine,  who  was  my  pupil  and  for  many  years  in 
my  employ,  knew  exactly  the  facts  of  the  case,  I  have  certainly  a 
right  to  complain  of  a  certain  national  prepossession  in  this  case. 

VOL.    II.  K   K 
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ENERGY  METER.* 

If  an  iron  ring  at  any  part  of  its  circnmferenoe  is  brought  into 
direct  connection  with  one  pole  of  an  electro-magnet,  the  whole 
ring  uniformly  assumes  the  magnetism  of  the  magnet  pole.  The 
action  of  the  ring  magnetism  on  an  electric  current  surrounding 
the  ring  is  therefore  the  same  at  every  part  of  the  ring.  A  coil 
of  wire  sliding  on  the  ring  which  is  traversed  by  a  current 
therefore  acts  with  uniform  force  over  the  whole  ring,  up  to 
the  point  of  junction  of  the  ring  with  the  magnet  pole.  If  the 
magnetism  of  the  magnet  and  of  the  ring  still  falls  considerably 
short  of  the  maximum  magnetism  of  the  iron,  it  is  proportional 
to  the  strength  of  the  current  in  the  windings  of  the  electro- 
mlignet ;  the  force  which  acts  to  shift  the  coil  of  wire  sliding  on 
the  ring  is  therefore,  for  each  position  of  it  on  the  ring,  pro- 
portional to  the  product  of  the  strength  of  current  in  the 
windings  of  the  magnet,  and  in  those  of  the  moving  coil.  This 
combination  can  therefore  be  made  use  of  in  all  electrical  energy 
meters,  by  which  the  product,  E  J,  is  to  be  measured  or 
continuously  registered.  In  the  energy  meter  represented  in  the- 
drawings  (Figs.  186  and  187)  this  t>akes  place  in  the  following 
manner : 

.The  iron  ring.  A,  is  fixed  to  the  free  pole  of  the  electro-magnet 
bar,  6.  Through  the  middle  of  the  iron  ring  passes  the  iron 
axle,  C,  which  is  centrally  suspended  from  two  spiral  springs, 
D  and  E,  which  are  insulated  from  one  another.  To  reduce 
oscillations  and  for  proper  suspension  the  axle  is  hung  also  from 
a  thread,  F,  with  a  tension  arrangement.  The  two  wire  coils, 
0  and  H,  are  so  fixed  to  the  iron  axis,  that  they  can  turn  around 
the  ring  without  friction.  The  electric  current  is  conducted 
through  the  spiral  springs,  D  and  E,  to  the  coils  provided  with 
fine  wire  windings.  There  is  a  small  iron  shoe  on  the  under  side 
of  the  vertical  hanging  iron  axle,  G.  This  attracts  the  small 
movable  armature,  I,  connected  with  the  axle,  C,  by  meana 
of  a  brass  stirrup,  when  the  suspended  axle  is  magnetized  by 
the  magnetism  of  the  iron  ring.     If  the  magnetism  of  the  ring 

*  (German  Patent,  No.  25919,  of  12th  Jnly,  1883.) 
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aad  electro-magaet  ceases,  through  the  intermption  of  the 
oorrent  circnlating  in  their  wiadingB,  the  little  armature  falls 
^ain.  In  this  way  a  small  knife  fixed  to  the  armatnre  gears  in 
the  fine  teeth  of  a  crown  wheel  snepeaded  jnst  nnder  the 
armatare,  and  centrally  aa  regards  the  sospended  iron  axle. 


Fig.  186. 


Fig.  187. 


This  little  wheel  is  consequently  connected  with  the  aile,  and 
takes  part  in  its  rotation  so  long  as  the  electro-magnet  is 
non-magnetic,  and  is  separated  from  it  so  long  as  a  cnrrent 
traverses  its  windings.  By  means  of  wheel  work  the  revolutions 
of  the  little  wheel  are  transferred  to  a  connter.  If,  conaeiiuently, 
a  shunt  from  the  main  current  passes  through  the  spiral  Springs 
and  the  sospended  coils,  and  a  shunt  curienb  from  the  whole 
length  of  conductor,  in  which  the  consumption  of  energy  is  to 
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be  measured  through  the  windingR  of  the  electro-magnet,  the 
counter  registers  the  sum  of  all  the  revolutions  of  the  axle  with 
the  coils  if  the  shunt  of  the  main  current  is  closed  and  opened  at 
regular  intervals.  As  the  force,  with  which  the  spiral  springs,  D 
and  Ey  oppose  the  motion  of  the  coils,  increases  proportionately 
with  the  angle  of  rotation,  the  amount  of  rotation  of  the  axle  is 
also  proportional  to  the  product,  E  J,  the  counter  gives  therefore 
the  desired  sum  of  the  energy  expended,  when  the  constant  of  the 
apparatus  is  once  determined.  If  it  is  wished  to  interrupt,  not 
the  current  of  the  electro-magnet,  but  that  of  the  coils,  which 
with  the  great  variations  in  the  strength  of  the  current  on 
account  of  the  magnetism  remaining  in  the  iron  ring  is  more 
judicious,  there  must  be  set  over  the  suspended  iron  axle  a  fixed 
coil  wound  with  two  wires  of  which  one  wire  is  traversed  by  the 
current  of  the  magnet  coil,  the  other  by  the  current  of  the 
swinging  coil.  The  first  wire  is  then  so  adjusted  that  the  magnetic 
influence  of  the  electro-magnet  on  the  iron  axis  is  exactly 
balanced,  by  the  windings  of  the  corresponding  wire  coO.  The 
small  armature  carrying  the  knife  is  then  attracted  and  allowed 
to  fall,  whenever  the  current  passing  through  the  coils  is  closed 
or  broken. 

This  closing  and  opening  of  the  current  in  regular  alternation, 
can  take  place  by  any  clockwork,  which  can  itself  be  set  in 
motion  by  the  cun^nt.  It  is  preferable  however  for  this  purpose 
to  employ  a  sort  of  mercury  electric  clock.  This  consists  of  a 
glass  tube,  which  is  drawn  out  in  the  centre  to  a  capUlary  tube. 
If  the  tube  is  half  filled  with  mercury  and  then  exhausted  and 
sealed,  the  mercury  as  in  a  water  balance,  will  flow  into  one  or 
other  side  of  the  tube  according  as  it  is  inclined  to  one  side  or 
the  other.  This  variable  inclination  is  effected  by  an  electro- 
magnet, which  inclines  the  tube  fixed  so  as  to  rotate  about  an  axle 
to  one  side,  when  a  current  passes  through  the  windings  of  the 
electro-magnet  or  with  the  help  of  a  spring  is  carried  back  to  tiie 
other  side  when  the  current  is  broken.  The  mercury  effects  this 
opening  or  closing  in  a  tube  leg  by  means  of  platinum  wires  fused 
into  it. 

Instead  of  using  a  drawing  back  spring,  two  small  electro- 
magnets can  also  be  used,  and  for  their  magnetization  contact 
wires  can  be  melted  into  each  half  of  the  tube. 
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Patent  Claims. 

1.  The  use  for  electric  energy  meters  of  ring-shaped  magnet 
poles  in  combination  with  coils  rotating  round  them. 

2.  The  suspension  of  the  cnrrent  meafinring  coils  by  two  metallic 
spiral  springs,  which  simultaneously  sene  as  torsion  springs  and 
conductors. 

8.  The  use  of  a  small  magnet  armature  in  combination  with 
the  current  measuring  coils  in  such  a  w^ay,  that  during  the  turning 
of  the  coils  in  one  direction,  their  connection  with  a  counter  is 
made,  and  during  motion  in  the  opposite  direction  it  is  broken. 

4.  The  production  of  currents  at  regular  intervals  of  time,  by 
automatic  tipping  of  a  glass  tube  partly  filled  with  mercury  and 
exhausted,  which  is  supplied  with  contact  arrangements  for  re- 
gulating the  activity  of  an  electro-magnet. 


OX  A  NEW  METHOD  OF  RAISING  WATER.* 

GEirriiEMEN, — I  beg  you  to  give  me  a  few  minutes  hearing  to 
make  a  short  communication  on  a  new  method  of  raising  water 
which  I  have  applied  with  satisfactory  results.  It  was  a  question 
of  draining  a  seam  of  brown  coal  in  the  neighbourhood  of  Berlin, 
which  is  covered  with  a  stratum  of  fine  running  sand  more  than 
30  metres  deep.  Mr.  Potsch's  method  for  sinking  a  shaft,  which 
consists  in  freezing  the  wet  sand  by  tubes  sunk  in  it,  in  which  a 
strongly  cooled  liquid  is  continually  allowed  to  circulate,  and  then  in 
sinking  the  shaft  in  the  hard-formed  mass  in  the  mining  method 
was  so  far  successful,  that  the  shaft  could  be  carried  without 
break  to  the  coal  bed  lying  some  30  metres  deep ;  yet  when  the 
protection  of  the  frozen  covering  ceased,  the  penetrating  water 
could  no  longer  be  kept  back,  and  the  shaft  filled  with  water 
mixed  up  with  sand.  To  complete  the  work  and  to  make  a  safe 
workii^g  of   the  coal  bed  possible,  the  most  suitable  method 

*  (Communication  to  the  Society  for  the  Advancement  of  Industiy,  on  the 
2nd  March,  1885.) 
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seemed  to  be  to  withdraw  continnally  from  the  groand,  the  water 
pressing  up  from  all  sides  in  the  sea  of  sand  open  on  all  sides  by  a 
system  of  Artesian  wells^  and  in  this  way  to  remove  the  pressure 
of  water  at  the  mptnre.  Force  pumps  of  great  efficiency  cannot 
be  well  applied  in  the  narrow  conduit  pipes.  A  valve  pump 
system  driven  by  compressed  air  promised  much  better  results, 
but  the  efficiency  of  the  single  wells  always  appeared  too  small 
in  comparison  with  the  amount  of  water  to  be  overcome. 

These  necessities  led  me  to  think  of  imitating  the  method  so 
frequently  used  by  nature  itself  in  geysers,  fountain  sources, 
petroleum  springs,  of  raising  the  liquid  by  the  production  of 
gas  below,  and  by  supplying  compressed  air  in  the  sucker  of  an 
Abyssinian  tube  to  produce  an  artificial  geyser  spring.  This  plan 
found  sympathy  neither  with  theorists  nor  practical  men  to  whom 
I  communicated  it,  and  a  certain  force  of  conviction  was  necessary 
to  carry  it  out. 

The  result  however  has  completely  satisfied  my  anticipation,  as 
you  will  see  if  you  will  inspect  an  Abyssinian  well  provided  with 
air  expulsion  at  the  factory  of  Siemens  &  Halske,  to  which  I 
hereby  invite  the  gentlemen  interested  in  the  subject.  The 
Abyssinian  well  akeady  long  existing  has  a  tube  bore  of  80  mm., 
is  sunk  about  80  metres  deep,  and  is  provided  with  a  sucker 
about  8  metres  long.  For  these  experiments  the  tube  is  supplied 
with  an  extension  about  9  metres  above  the  ground  ;  the  air  com- 
pressed by  a  locomotive  driven  in  the  opposite  direction,  is  led 
below  the  tube  to  a  sucker,  by  means  of  a  lead  tube  of  2cm. 
interior  diameter,  the  lower  end  of  which  is  provided  with 
a  copper  tube  closed  below,  having  many  fine  holes  for  the  exit 
of  air. 

As  soon  as  the  air  is  compressed  to  8  atmospheres  pressure  in 
the  boiler  of  the  locomotive,  it  enters  the  tube  filled  with  water 
up  to  the  ground  water  level,  and  rises  slowly  up  in  it,  in  many 
fine  bubbles.  As  each  bubble  exerts  a  pressure  on  the  water 
above  it  equal  to  the  weight  of  the  water  removed  by  it,  the 
balance  in  the  communicating  tube  system  formed  between  the  tube 
and  the  ground  water  by  the  driving  up  effected  by  the  collective 
bubbles  is  disturbed,  the  water  must  rise  up  in  the  tube,  until 
equUibrium  is  again  brought  about  with  Uie  pressure  of  the 
ground  water,  or  if  the  tube  is  not  so  high  it  must  pour  out 
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above  and  enter  through  the  sacker  with  a  velocity  con^esponding 
to  the  remaining  balance  of  pressare. 

This  velocity  is  constant  if  the  influx  of  air  is  constant  and  is 
dependent  on  the  quantity  of  air  passed  through  in  the  unit  of 
time,  and  the  friction  resistances  in  the  tube  and  the  sucker.  It 
mast  be  remarked,  that  the  air  bubbles,  whilst  they  rise  quickly 
up  with  the  current  of  water,  gradually  expand  again  to  atmo- 
spheric pressure,  and  therefore  remove  a  considerably  larger  quantity 
of  water.  For  the  driving  up  eflfected  by  the  pumped  in  air, 
therefore,  the  mean  density  of  the  air  in  the  tube  is  to  be 
calculated.  If  the  water  consequently  is  to  be  raised  by  half 
the  height  of  the  ground  water  measured  from  the  sucker,  then  in 
order  to  obtain  hydrostatic  equilibrium,  the  specific  gravity  of  the 
mixture  of  water  and  air  in  the  pipe  must  be  |  on  the  average, 
therefore  to  effect  this,  air  of  the  density  of  half  the  height  of  the 
ground  water  must  be  passed  through  equal  to  ^  of  the  volume  of 
water  entering  by  the  sucker  or  equal  to  ^  of  the  volume  of  water 
in  the  case  of  air  compressed  to  the  full  height  and  coming  in 
below.  For  the  acceleration  of  the  water  up  to  the  exit  velocity, 
and  for  overcoming  fictional  resistance  in  the  pipe  and  sucker, 
this  volume  of  air  must  be  correspondingly  increased. 

This  increase  of  the  necessary  quantity  of  air  for  the  production 
of  the  motion  of  the  water  forms  indeed  the  loss  of  work  to  which 
is  to  be  added  the  loss  of  work  through  heating  of  air  on  its  com- 
pression, and  a  further  loss  which  depends  on  the  relation  of  the 
velocity  with  which  the  air  bubbles  stream  out  in  still  water  to  the 
velocity  with  which  they  rise  in  the  flowing  water.  If  the  air 
enters  the  water  through  many  fine  openings,  so  that  the  bubbles 
are  small,  therefore  rise  slowly  in  still  water,  and  if  the  velocity 
of  the  water  is  considerable  the  last-named  loss  of  work  is  only 
unimportant.  In  the  experiments  carried  out,  a  quantity  of  water 
of  600  to  700  litres  was  raised  through  the  tube  80mm.  wide,  and 
a  velocity  of  water  was  attained  of  2*5  metres  per  second.  In 
reality  the  velocity  is  still  greater,  for  the  water,  specially  in  the 
upper  part  of  the  pipe,  is  mixed  with  a  large  quantity  of  air,  and 
is  thrown  out  as  a  heavy  homogeneous  froth  from  the  mouth  of 
the  tube.  It  has  not  been  possible  to  make  a  calculation  of  the 
economy  of  this  method  of  raising  water,  and  it  will  still  require 
many  experiments  in  order  to  arrive  at  the  best  proportions  of 
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the  dimensions  of  the  tube  and  snckery  of  the  length  of  tabe  to 
the  height  of  lift  of  the  water,  and  the  quantity  of  air  to  be 
driven  in.  One  can  however  already  assert  positively  that  this 
new  method  of  raising  water  in  many  cases,  and  especially  in 
mining,  for  the  irrigation  of  land,  etc.  will  find  advantageous 
apphcatiou.  It  is  also  not  limited  to  use  with  Abyssinian  wells, 
but  everywhere  applicable,  where  by  digging  deep  wells  or  immers- 
ing deep  tubes  from  the  bottom  of  which  the  pumping  tube  rises 
a  communicating  tube  can  be  set  up  below  the  level  of  the  water 
to  be  raised,  of  at  least  half  the  height  of  the  pumping  tube. 


IMPROVEMENTS    IN    THE    ELECTEOLTTIC 
EXTRACTION  OP  COPPER  AND  ZINC* 

Copper  has  hitherto  been  obtained  by  electrolytic  means  in 
such  a  way,  that  either  plates  of  impure  copper  or  of  copper  matte, 
have  been  used  as  anodes.  Then  copper  or  iron  and  copper  was 
dissolved  at  the  anode  by  the  electric  current,  and  at  the  cathode 
copper  was  electrolytically  deposited.  In  the  latter  case  however 
the  solution  soon  becomes  very  poor  in  copper  and  must  be  re- 
placed by  a  new  solution,  the  production  of  which  from  the  ore  is 
attended  with  expense  and  difficulties  of  many  kinds.  Besides 
making  the  anodes  of  fused  copper  matte  necessitates  a  previous 
smelting  process  of  the  roasted  sulphuretted  copper  ore ;  the 
casting  of  the  anode  plates  is  difScult  and  uncertain,  and  the 
electrolytic  process  is  much  interfered  with  by  the  crumbling  of 
the  anodes  before  their  complete  solution. 

In  contrast  to  former  processes  in  which  soluble  anodes  served 
for  the  purpose  of  depolarization,  our  process  consists  in  the  use 
as  a  depolarizing  medium  of  a  liquid  in  combination  with  insoluble 
anodes,  and  in  separating  the  copper  salt  to  be  decomposed  at  the 
cathode,  from  the  liquid  to  be  oxidized  at  the  anode,  by  means  of 
a  non-metallic  diaphragm.    The  liquid  to  be  subjected  to  electro- 

*  (German  Patent,  No.  42248,  of  14th  Sept.  1886.) 
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IjBis  coDsiBts  of  a  solution  of  Bolpbate  of  iron  and  sulphate  of 
copper,  with  the  addition  of  some  free  snlphniic  acid  to  improve 
its  condnctivity. 

This  liquid  is  best  introduced  continuonslj  near  the  bottom  of 
the  liquid  suironnding  the  cathode  plates,  when  separate  decom- 
poaition  cells  are  used,  it  rises  up  from  here  whereby  a  portion  of 
the  copper  is  deposited  metallically  on  the  cathodes  by  the  electric 
current,  and  it  then  flows  over  the  upper  edge  of  the  diaphragm 


mto  the  anode  space,  through  which  it  flotrs  down  to  be  f^in 
drawn  off  at  the  bottom  of  the  latter. 

During  this  descent  the  ferrous  sulphate  is  first  converted  into 
basic  ferric  sulphate,  and  then  by  taking  up  sulphuric  acid  set 
tree  by  the  decomposition  of  the  sulphate  of  copper  is  changed 
into  nentral  ferric  sulphate  when  the  latter  owing  to  its  greater 
specific  gravity  sinks  to  the  bottom  along  the  carbon  rods  or  plates. 
The  outflowing  liquid  has  therefore  become  poorer  in  copper,  and 
oonsists  partly  of  a  solution  of  neutral  ferric  sulphate.  This  solu- 
tion has  now  the  property  of  converting  cuprous  sulphide,  cupric 
snlphide  as  well  as  cupric  oxide  into  copper  sulphate.  Thus  with 
the  firat  of  the  solutions  of  the  two  copper  compounds,  the  ferric 
sulphate  is  changed  back  into  ferrons  sulphate,  whilst  the  IVee 
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oxygen  oxidizes  the  capric  Bulphide.  By  the  previons  roasting,  of 
copper  pyrites  at  a  low  temperature  a  product  has  been  obtained 
in  which  the  copper  is  mostly  contained  as  caprons  sulphide,  but 
the  iron  as  oxide,  therefore  the  latter  in  a  form  which  is  not  acted 
on  at  all  by  ferric  sulphate,  and  only  slightly  by  sulphuric  acid, 
whilst  the  cuprous  sulphide  is  energetically  dissolved  by  ferric 
oxide  solution. 

Our  process  of  obtaining  copper  consists  consequently  in  roast- 
iug  the  copper  pyiites  in  the  form  of  powder  at  a  low  temperature, 
preferably  in  a  Gerstenhoefer^s  furnace,  until  the  iron  is  almost 
entirely  oxidized,  whilst  the  copper  exists  partly  as  copper  sulphate, 
partly  as  cupric  oxide,  bat  for  the  greatest  part  as  cuprous 
sulphide  in  the  roasted  ore.  The  powdered  roasted  ore  is  now 
lixiviated  with  the  liquid  flowing  out  horn  the  galvanic  decom- 
position cells.  This  lixiviation  is  carried  out  be6t  in  a  series  of 
lixiviating  vats,  which  are  flowed  through  one  after  another 
80  that  the  lye  flows  last  through  the  vat  last  charged  with 
roasted  ore.  The  solntion  thus  freshly  enriched  with  sulphate  of 
copper,  in  which  there  is  no  more  iron  oxide  salt,  is  now  again 
brought  back  to  the  galvanic  decomposition  cells,  is  therefore 
again  deprived  of  its  copper,  then  oxidized,  then  led  anew  throngh 
the  roasted  ore  to  take  up  fresh  copper.  It  is  therefore  a  con- 
tinuous process  in  which  the  same  liquid  can  serve  until  by 
the  taking  up  of  foreign  metals  existing  in  the  ore  it  has  become 
too  impure  for  the  galvanic  depositing  process. 

The  following  eqnations  make  clear  the  chemical  reactions 
occurring  in  the  electrolytic  and  lixiviating  processes  : — 

1.  Reactions  during  electrolysis  : 

X  H.  SO4  +  2  Cu  SO4  +  4  Fe  SO4  = 
2  Cu  +  2  Fca  (S0,)3  +  X  Hj  SO4. 

2.  Reactions  during  lixiviation  : 

X  H2  SO4  +  Cu  S,  +  2  Fe,  (8003= 

2  Cu  SO4  +  4  Fe  SO4  +  S  +  X  Ha  SO4.  (a) 

Cu  0  +  Hj  SO4  =  Cu  SO4  +  Ha  0.  O) 

3  Cu  0  -h  Fej  (SO4),  =  3  Cu  SO4  +  Fe^  O3.  (-y) 
Cu  0  -h  2  Fe  SO4  -h  Hj  0  = 

Cu  SO4  +  (Fea  O3  +  SO3)  +  H,  (d) 

If  the  equations  1  and  2  a  are  compared,  it  is  seen  that  if  the 
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ore  contains  the  whole  of  the  copper  in  the  form  of  cuprous 
sulphide,  the  electrolytic  liquid,  after  passing  the  lixiviating  vats, 
contains  exactly  the  same  quantity  of  sulphate  of  copper,  sulphate 
of  iron,  and  free  sulphuric  acid  as  before  the  electrolysis,  that  it  is 
therefore  entirely  regenerated,  and  can  be  used  anew  for  electro- 
lysis. If,  on  the  other  hand,  the  copper  partly  exists  as  copper 
oxide  in  the  ore,  it  is  seen  from  the  equations  2  /3  y  d  that  in  this 
case  after  the  lixiviation  the  electrolytic  Uquid  has  become  richer 
in  copper,  but  poorer  in  iron  and  free  sulphuric  acid  than  before 
the  electrolysis. 

It  needs  hardly  to  be  mejitioned,  that  in  place  of  the  roasted 
copper  ore  unroasted  ore  can  be  used  for  the  lixiviation,  in  which 
the  copper  exists  almost  exclusively  as  cuprous  sulphide.  In  this 
case,  however,  not  only  is  copper  dissolved,  but  iron  also,  so  that  a 
complete  constancy  of  the  solution  in  copper  and  iron  is  not 
obtained. 

It  is  to  be  remarked  here  that  no  polarization  takes  place  in 
the  galvanic  process  described,  and  also  that  the  different  positions 
of  the  anode  and  cathode  in  the  tension  series  does  not  cause  an 
electrolytic  counterforce. 

Whilst,  with  the  use  of  copper  ore  anodes,  a  potential  difference 
of  about  1.5  volt  is  necessary ;  in  the  processes  described  only  a 
potential  of  about  0.7  volt  is  necessary  with  the  same  current 
density.  Whilst,  further,  by  the  use  of  copper  ore  anodes,  about 
one-third  of  the  current  is  expended  for  effecting  other  reduction 
processes  and  so  becomes  lost,  in  the  process  described  there  is  no 
loss  of  current. 

The  same  process  can  further  be  used  for  obtaining  zinc 
electrolyticaily  from  zinc  sulphide  ores  with  the  help  of  a  solution 
of  sulphate  of  zinc  and  sulphate  of  iron.  There  is  formed  in  the 
electrolytic  decomposition  cells  zinc  and  ferric  sulphate  according 
to  the  equation 

Zn  SO4  +  2  Fe  SO4  =  Zn  +  Pe,  (804),. 

The  ferric  sulphate  thus  formed  now  possesses  the  property 
of  dissolving  zinc  from  slightly  roasted  zinc  sulphide,  whilst 
sulphate  of  zinc  and  ferrous  sulphate  are  formed  according  to 
the  equation 

Zn  S  +  Fes  (804),  =  Zn  SO4  +  2  Fe  SO4  +  S. 
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A  compariaoa  of  this  with  the  preTtotu  equation  shovB  that 
after  the  liziviation  of  slightly  roasted  zinc  sulphide  ore  by  the 
electrolftically  oxidized  liquid,  the  perceDtage  of  zinc  and  iron 
becomes  again  as  great  as  before  the  electrolysis.  Anyhow,  in 
this  zinc  process  the  necessary  potential  difference  between  anode 
and  cathode  of  the  electrolytic  bath  is  about  doable  as  great  as  in 
the  previously  described  copper  processes  because  of  the  electric 
difference  of  potential  between  zinc  and  carbon. 

The  new  facts  lying  at  the  basis  of  the  described  processes,  viz., 
that  oxidizabic  solutions  conducting  electricity  become  oxidized 

Fig.  189. 


to  a  higher  degree  under  certain  circumstances  on  an  anode 
consisting  of  carbon  (or  alao  platinum,  gold,  &c),  by  the  galvanic 
cnrrent  without  the  appearance  of  polarization,  may  be  nscd  for 
other  chemical  operations  if  tbe  decomposition  apparatus  ia  bo 
arranged  that  the  liquid  to  be  oxidized  circulates  in  the  cells  sur- 
ronnding  the  anodes,  while  the  liquid  in  those  surrounding  the 
cathodes  has  to  be  reduced.  As  it  is  more  convenient  in  general 
to  prodace  and  employ  electric  currents  of  high  tension,  which 
necessitate  the  placing  of  a  large  number  of  decompodtioQ  cells 
in  series,  it  is  necessary  to  arrange  a  flow  of  liquid  throngh  the 
decomposing  vats  in  such  a  way  that  in  the  first  place  the  regene- 
rated liquid  flows  throngh  all  the  cathode  cells  in  succession,  that 
then  the  same  liquid  is  led  through  all  the  anode  cells,  and  finally 
through  the  regenerating  tank  filled  with  roasted  ore.    It  hence 
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resalte  that  there  is  no  iron  oxide  salt  in  the  liquid  filling  the 
cathode  oells  which  would  be  reduced  by  the  current  and  would 
consequently  interfere  with  the  copper  depositing,  as  well  as  with 
the  enrichment  with  iron  oxide  salt  in  the  final  lixiviation. 

In  order  to  obtain  a  quick  current  of  liquid  through  all  the 
cells,  which  is  necessary  for  good  working,  we  arrange  the  rows  of 
decomposition  cells  in  the  shape  of  a  staircase  (Fig.  189),  and 
connect  all  the  cathode  divisions  K^  K,  K,  as  well  as  all  the  anode 
divisions  A^  A,  A,  of  the  cells  with  one  another  by  the  syphons 
h  and  Ic.  In  order  to  maintain  the  level  in  all  the  vessels 
independently  of  the  supply,  the  syphon  limbs  leading  to  the  cells 
standing  lower  are  bent  upwards  by  a  piece  a,  which  is  equal  ]to 
the  difference  of  height  /3  between  two  consecutive  ceUs. 

Patent-claim. 

In  the  electrolytic  extraction  of  copper  and  zinc  the  lixiviation 
of  the  powdered  roasted,  or  smelted  sulphurous  ore  by  means  of 
ferric  sulphate,  which  is  itself  produced  in  the  baths,  whilst  the 
coarse  of  the  electrolyte,  consisting  of  copper  or  zinc  sulphate  and 
ferrous  sulphate,  is  so  arranged  that  in  the  first  place  the  cathode 
ceUs  are  flowed  through  to  deposit  copper  or  zinc^  then  the  anode 
spaces,  provided  with  electrolytically  insoluble  anodes,  for  the 
purpose  of  converting  the  ferrous  sulphate  into  ferric  sulphate, 
and  finally  the  corresponding  ore,  after  which  the  regenerated 
liquid  is  again  brought  back  to  the  cathode  cells. 


THE    AGE    OF    NATURAL    SCIEXCE.* 

Gbntijbmbn, — The  Society  of  Natural  Philosophers  and 
Physicians,  so  numerously  and  brilliantly  represented  here,  raised 
the  banner  of  fi^e  investigation  for  the  first  time  in  our  Fatherland 
sixty  years  ago,  and  by  its  meetings  in  different  parts  it  made  the 

*  (Address  at  the  59th  Meeting;  of  German  natural  philosophers  and  phy- 
sicians on  the  18th  of  September,  1886.) 
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sciences — ^np  to  then  only  pnrsned  in  the  limited  circle  of  scientific 
specialists — accessible  and  therefore  serviceable  to  public  life. 
This  was  an  important  step  in  advance.  With  it  b^an  a  new 
era  for  mankind,  which  we  are  right  in  calling  the  age  of  natural 
science. 

It  is  true  nature  itself  had  bestowed  on  primitive  man, 
corporeally  bat  feebly  equipped,  power  of  mind  and  talent  of 
observation  as  the  most  powerful  of  all  weapons  for  his  struggle 
for  existence,  had  directed  him  already  to  the  utilization  of 
natural  forces,  and  the  increasing  knowledge  of  their  judicious 
employment  had  already  in  early  ages  pointed  out  to  mankind 
the  way  to  higher  culture.  The  arts  of  earlier  periods  could  even 
develope  in  many  departments  to  a  height  which  is  wonderful 
even  to-day  ;  it  could  in  particular  prckluce  the  means  for  artistic 
performances  of  still  unattained  perfection  ;  but  this  always  took 
place  by  the  arduous  and  in  many  ways  misleading  method 
of  collecting  purely  empirical  observations,  and  misunderstood 
and  unconnected  experiences,  therefore  by  a  way  which  could 
only  slowly  lead  to  the  development  of  higher  grades  of  culture. 

These  manifestations  of  culture  were  therefore  mostly  developed 
in  limited  areas,  and  they  wanted  permanence,  since  experience 
and  skill  are  personal  and  die  with  the  individual.  Hence 
we  see  in  the  course  of  time  many  culture-epochs  arise 
locally  limited  and  vanishing  in  the  storms  of  following  ages 
almost  without  leaving  a  trace.  And  yet,  later — after  intellectual 
acquisitions  had  become  through  the  arts  of  mechanical  multiplica- 
tion by  writing  and  illustration  a  permanent  general  property  of 
mankind,  and  after  the  bases  of  our  present  scientific  knowledge 
were  laid  by  great  geniuses,  and  we  had  already  become  assured 
that  invariable  fixed  laws  lie  at  the  basis  of  all  natural  phenomena, 
and  that  the  only  safe  way  to  learn  these  laws  consists  in 
questioning  nature  itself  by  properly  conducted  experiments — 
even  then  scientific  and  technical  advance  was  arduous,  slow  and 
uncertain.  It  needed  the  entry  of  science  into  public  life :  it  was 
necessary  that  the  purely  empirical  arts  should  be  penetrated  hj 
the  genius  of  modem  science,  to  free  them  from  the  laws  of  custom 
and  trade,  and  to  raise  them  to  the  heights  of  natural  science. 

We  older  ones  among  you  have  had  the  good  fortune  to  witness 
the  stupendous  progress  in  almost  all  departments  of  life  under 
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the  stimnlating  inflaence  of  the  breath  of  natural  science.  Bat 
we  have  also  seen  how  at  the  same  time  science  again  on  its 
side  was  aided  by  technical  advances,  as  engineering  bronght 
to  it  an  abundance  of  new  phenomena  and  problems,  and 
with  it  the  incitement  to  farther  investigations,  and  how  with 
the  extension  of  scientific  knowledge  a  body  of  observers  and 
workers  arose,  who  perhaps  do  not  stand  on  the  summit  of 
scientific  knowledge,  bat  in  whom  often  the  love  of  science  knew 
how  to  overcome  this  want. 

I  will  not  undertake  to  bring  before  you  here  the  history  of 
the  progress  of  science  and  of  its  application  to  the  arts,  nor  to 
describe  the  powerful  transforming  influence,  which  science  and  the 
arts  combined  have  exerted  on  the  spiritual  and  material  develop- 
ment of  our  time.  This  has  already  frequently  been  done  in 
convincing  language  and  in  masterly  form  ;  bringing  together  all 
the  phenomena  appertaining  to  it,  in  a  picture  only  in  a  slight 
degree  exhaustive,  could  only  be  done  by  sketching  the  history 
of  our  culture,  and  would  extend  beyond  the  problem  set  me 
to-day,  which  consists  in  helping  to  dissipate  the  apprehensions 
which  latterly  have  frequently  been  made  public  with  respect  to 
scientific  technical  progress. 

For  us  elders  it  is  only  necessary  to  cast  a  short  i*etrospect  over 
our  own  youth  in  order  to  survey  the  great  diflference  between 
then  and  now.  We  still  remember  the  time  when  steamers  and 
locomotives  made  their  first  slow  journeys  ;  we  then  heard  with 
unbelieving  astonishment  the  news  that  light  itself  was  to 
paint  the  picture  which  it  makes  visible  to  our  eyes  ;  that  the 
mysterious  new  force,  electricity,  forwarded  news  with  lightning- 
like speed  across  whole  continents  and  the  oceans  separating 
them  ;  that  the  same  force  separated  metals  in  the  solid  form 
from  their  solutions  and  was  able  to  illuminate  the  night  like 
day.  Who  wonders  to-day  about  these  things  now  matters  of 
course,  without  which  our  youth  can  now  hardly  imagine  a 
civilized  life,  at  a  time,  when  according  to  Reuleaux's  calcula- 
tion, several  iron  workers  toil  day  and  night  for  each  civilized 
man,  when  moved  by  subjugated  natural  forces  many  million  men 
daily  meet  one  another,  who  were  separated  yesterday  by  a  wide 
distance,  and  when  immeasurable  quantities  of  goods  are  carried 
by  land  and  sea  through  mountainous  districts  and  over  their 
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snmmits  and  defiles  at  a  rate  previously  hardly  imaginable  ;  when 
the  world-connecting  telegraph  is  no  longer  snfScient  for  our 
commercial  requirements,  and  the  carrying  of  living  words  by  the 
telephone  mnst  spread  over  tracts  in  comparison  with  which  the 
limits  set  by  natnre  to  the  human  voice  fall  back  as  qaite 
insignificant,  when  the  most  recent  frait  of  the  combination  cyf 
science  and  the  arts,  electric  engineering  in  its  rapid  development 
is  ever  opening  up  to  mankind  new  provinces  still  qoite  nnbonnded 
in  their  limits  for  farther  enquiry  and  useful  application  of  the 
forces  of  nature.  For  the  natural  philosopher,  who  is  accustomed 
more  than  other  classes  of  mankind  to  draw  conclusions  from  the 
course  of  observed  phenomena  as  to  the  law  governing  them,  it  is 
not  the  last  development,  but  the  causes  and  the  law  limiting 
the  same  which  are  of  paramount  importance. 

This  clearly  discernible  law  is  that  of  the  uniform  acceleration 
of  our  present  development  of  culture.  Periods  of  development, 
which  in  earlier  times  were  only  traversed  in  centuries,  whidi 
even  at  the  beginning  of  our  century  needed  tens  of  years,  are 
now  completed  in  years  and  enter  ftiequently  into  existence  in 
full  perfection.  This  is,  on  the  one  hand,  the  natural  consequence 
of  a  phenomenon  of  our  prepress  of  culture  itself,  namely,  of  the 
present  highly  developed  system  of  instruction  especially  in  oar 
Fatherland,  by  which  the  acquisitions  of  science,  but  especially 
scientific  methods,  are  conveyed  on  the  broad  current  of  engineer- 
ing to  public  life  generally  in  all  its  forms  of  activity,  on  the  other 
hand  the  effect  of  self-renovating  scientific  technical  progress.  And 
so  we  observe  how  to-day  every  new  scientific  thought,  bom 
of  its  mother  in  everlasting  re-birth,  hastens  through  the  civilized 
world,  how  thousands  seize  it  and  seek  to  apply  it  to  the  most 
different  departments  of  life.  If  sometimes  they  are  only 
insignificant  observations,  sometimes  only  the  vanquishing  of 
quite  small  obstacles  which  have  opposed  the  knowledge  of  the 
scientific  connection  of  the  phenomena,  often  they  are  starting 
points  of  a  series  of  developments  hardly  to  be  foreseen  and 
highly  significant  for  the  life  of  mankind.  The  acceleration  of 
progressive  development  thus  brought  about,  will,  therefore,  con- 
tinue as  long  as  natural  science  itself  marches  to  higher  degrees  of 
knowledge  unless  man  in  his  presumption  himself  disturbs  it. 
The  deeper  insight  we  gain  into  the  mysterious  rule  of  natnral 
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forces,  the  more  convinced  we  are,  that  we  are  standing  onljr 
at  the  porchway  of  science,  that  a  quite  immeasorable  field  of 
"irork  lies  before  as,  and  that  it  appears  at  least  very  questionable 
whether  mankind  will  ever  arrive  at  a  fall  knowledge  of  nature. 
No  ground  therefore  exists  for  doubting  the  continuation  of  the 
accelerated  flight  of  scientific  and  technical  development  if 
Tnankind  does  not  cross  it  through  deeds  inimical  to  culture. 
Yet  even  such  hostile  encroachments  can  henceforth  only  cause 
temporary  breaks  in  development,  at  the  most  only  short  locally 
limited  retrogressions ;  for  before  that  light  of  science,  penetrating 
always  deeper  into  all  classes  of  the  profession  and  of  the 
people,  not  only  the  children  of  the  old  darkness,  superstition,  and 
prejudice,  recede  farther  and  farther  back  and  lose  gradually  their 
own  power  to  hinder  and  disturb  the  way  of  development,  but  thanks 
to  printing  and  the  present  extensive  spread  of  modem  culture 
the  scientific  and  technical  acquisitions  of  mankind  cannot  again 
be  lost.  Those  people  who  cherish  and  cultivate  them  also  gain 
thereby  so  powerful  an  ascendancy,  such  a  preponderating  fulness 
of  power,  that  their  succumbing  in  the  battle  against  uncivilized 
peoples,  and  the  breaking  in  of  a  new  barbaric  period,  appear  to 
be  quite  excluded. 

Bat,  whilst  we  must  regard  the  present  extension  of  culture  as 
continuous  and  indestructible,  the  final  aim  still  certainly  remains 
concealed  for  which  this  progress  struggles :  we  can,  however, 
recognize  the  road  of  progress  itself,  in  what  direction  it  must 
alter  the  former  bases  of  domestic  life.  For  this  purpose,  it  is 
iSt&j  necessary  to  follow  out  further  the  changes  that  have  already 
taken  place.  We  thus  easily  recognize  that,  in  the  period  of  the 
dominion  of  science,  the  heavy  corporeal  labour  by  which  mankind 
was  to  so  great  an  extent  hampered  in  the  battle  for  existence, 
and  to  a  great  extent  still  is,  is  more  and  more  avoided  by  the 
increasing  use  of  natural  forces  in  che  mechanical  performance  of 
work,  that  the  labour  falling  to  man  is  always  a  more  intellectual 
one,  as  he  has  to  direct  the  work  of  the  iron  toiler,  but  has  not 
himself  to  perform  heavy  corporeal  work.  We  see  further,  that  in 
the  scientific  age,  the  necessaries  of  life  and  articles  of  enjoyment 
«re  prodaced  with  much  less  physical  labour ;  that  therefore 
also  with  less  working  time  a  greater  share  of  these  productions 
of  labour  falls  to  each  individual.     We  find  that  the  progress 
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oli  nataral  science  acting  on  the  arts  and  commercial  life  make» 
possible  an  always  easier  interchange  of  the  products  of  different 
lands  and  climates,  which  makes  the  life  of  mankind  take  a  more 
enjoyable  form,  and  secures  its  existence  against  the  conseqnencea 
of  local  scarcity.  We  see  that  man  is  able  to  gain  by  scientific 
and  technically  properly  directed  culture  of  the  soil  a  considerably 
greater  quantity  of  the  means  of  subsistence  than  formerly,  so 
that  the  number  of  men  assigned  to  it  may  be  much  greater ;  it 
appears,  therefore,  very  probable  that  chemistry  in  combination 
with  electric  engineering  will  one  day  succeed  in  producing  out 
of  the  inexhaustible  supply  of  the  elements  of  food  stuffs  existing 
everywhere  these  latter  themselves,  and  so  make  the  number  of 
those  to  be  nourished  independent  of  the  final  power  of  endurance^ 
of  the  ground. 

This  progressively  increasing  ease  of  gaining  the  materiul 
means  of  existence  on  account  of  the  shorter  time  of  labour  which 
he  has  to  employ  for  that  purpose,  will  afford  to  man  the  necessary 
surplus  of  time  for  his  better  intellectual  improvement  and  inteU 
lectual  enjoyments ;  the  knowledge  of  the  conditions  for  bodily 
well-being  increasing  with  the  knowledge  of  the  working  of  the 
forces  of  nature,  will  lead  to  the  more  healthy  development  of  the 
future  of  the  human  race  in  body  and  mind ;  the  mechanical 
reproductions  of  artistic  productions,  which  are  always  becoming 
more  perfect  and  more  easy,  will  facilitate  their  introduction 
into  cottages,  and  the  art  which  beautifies  life  and  raises  civiliza- 
tion will  be  available  for  the  whole  of  mankind,  instead  of,  a& 
formerly,  being  only  accessible  to  the  upper  classes.  If  we  then 
hold  fast  to  the  conviction  that  the  light  of  knowledge,  alwaya 
penetrating  deeper  into  the  whole  society  of  mankind,  subdues 
in  the  most  effective  way  debasing  superstition  and  destructive 
fanaticism,  the  greatest  enemies  of  mankind,  then  we  can  labour 
further  with  proud  joy  at  the  building  up  of  the  age  of  natural 
science,  in  the  certain  assurance  that  it  will  supply  to  mankind 
moral  and  material  conditions  which  are  better  than  they  ever 
were,  and  are  even  now. 

The  joy,  however,  is  much  spoilt  for  us  in  recent  times  by 
melancholy  pessimistic  views,  which  have  been  formed  both  in 
educated  circles  as  well  as  among  the  masses,  respecting  the  influx 
ence  which  the  rapid  developmept  of  science  and  engineering  exerta 
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on  the  formation  of  the  life  of  the  people,  and  on  the  final  aim 
of  this  advancement. 

The  questions  are  advanced  and  discnssed,  whether  mankind 
is  actually  better  and  happier  for  all  these  acquisitions  of  science 
and  the  arts,  whether  these  acquisitions  do  not  rather  lead  to  the 
destruction  of  all  ideal  good  and  to  a  coarse  longing  for  enjoyment, 
whether  the  unequal  division  of  goods  and  enjoyment  of  life  would 
not  be  increased  by  it,  whether  by  the  advancement  of  mechanical 
indastry,  and  the  division  of  labour  consequent  on  it,  the  oppor- 
tunity of  work  for  individuals  was  not  diminished,  and  the  workers 
themselves  would  not  be  brought  into  a  more  uncertain  dependent 
position  than  formerly  ;  whether,  in  a  word,  through  it,  in  place 
of  the  dominion  of  birth  and  the  sword,  the  still  more  depressing 
dominion  of  inherited  or  acquired  possession  is  not  set  up  ? 

It  cannot  be  denied  that  at  the  present  day  these  sad  views 
must  be  admitted  to  have  some  measure  of  truth.  The  rapid  and 
unceasing  progress  of  scientific  arts  must  act  disturbingly  by 
its  development  on  many  branches  of  industry.  The  improved 
methods  of  work  often  lead  to  goods  being  produced  more 
quickly  than  they  are  consumed,  and  to  the  reduction  of  oppor* 
tunities  for  work,  whilst  former  hand-work,  which  for  a  similar 
production  employed  a  much  greater  number  of  workers,  comes 
into  competition  with  the  work  of  the  specialized  machine. 
Similar  phenomena  make  their  appearance  in  the  production  of 
food  stuffs.  The  cheap  means  of  communication  bring  to  the  old 
cultured  lands  in  vast  quantity  the  products  of  the  soil  of  distant 
sparsely  populated  countries,  the  virgin  soil  of  which  does  nob 
require  artificial  fructification,  in  which,  however,  the  want  of  a 
working  population  has  matured  the  methods  of  mechanical  treat- 
ment. In  this  way,  however,  prices  are  introduced,  in  the  face  of 
which  our  old  methods  of  cultivating  the  soil  by  hand-labour 
cannot  subsist.  Certainly  the  scientific  arts  present  the  means  of 
compensating  these  disadvantages  by  complete  restitution  to  the 
ground  of  what  is  consumed,  and  by  more  rational  methods  of 
labour ;  but  it  is  exceedingly  difficult  to  replace  by  better  ones 
relations  and  methods  sanctioned  by  ancient  custom  although 
they  have  become  untenable.  We  thus  increase  the  complaints 
regarding  the  general  lowering  of  prices  and  about  the  want  of 
opportunities  of  work,  and  very  doubtful  theories  are  set  up  that^ 
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by  sepaitetiiig-  countries  from  each  other;. and  by  the  forcible 
redaction  of  production  the  disadvantages  experienced  may  be 
improved.  The  exponents  of  theories  of  that  kind  often  even 
go  so  far  as  to  deny  the  advantage  to  mankind  of  the  scientific 
technical  tendency  of  our  time,  and  to  dream  of  a  return  to  the 
methods  of  work  of  earlier  and  presumably  more  fortunate  times. 
They  do  not,  however,  consider  in  this  respect  that  then  alflo  the 
number  of  men  must  be  reduced  to  the  former  amount.  The 
number  of  fortunate  herdsmen  and  huntsmen  which  a  land  can 
nourish  is,  however,  only  small ;  and,  in  considering  the  greater  or 
less  prosperity  of  a  period  of  time,  this  number  must  always  appear 
as  an  essential  factor.  It  is  certainly  a  hard,'  but  also,  unfortu- 
nately, an  immutable  social  law  that  all  transitions  to  other,  if  even 
to  better  circumstances,  are  accompanied  by  suffering.  It  is, 
therefore,  also  certainly  a  humane  beginning  to  alleviate  these 
sorrows  of  the  present  generation  by  judicious  management  and 
partial  restriction  of  the  new  irresistible  breaking-up  convulsions 
of  the  social  bases  of  the  life  of  the  people  ;  it  would,  however,  be 
useless  to  attempt  to  interrupt  the  current  of  this  advance,  or  to 
wish  to  turn  back.  It  must  necessarily  follow  its  destined  conise, 
and  those  lands  and  peoples  will  be  the  least  affected  by  its 
destroying  action,  and  first  participate  in  the  benefits  of  the 
scientific  age,  which  contribute  mostly  to  its  peaceful  advance- 
ment That  this  latter,  however,  really  leads  mankind  to  better 
conditions,  that  in  its  further  progress  it  will  agaio  heal  the 
wounds  which  it  struck,  is  to  be  recognized  already  clearly  in 
many  phenomena,  notwithstanding  the  unavoidable  suffering 
during  the  transition  to  the  new  forms  of  life. 

Is  not  the  universally  occurring  phenomenon  of  the  reduction  in 
price  of  all  the  necessaries  of  life  and  products  of  labour,  with 
their  simultaneously  greatly  enhanced  consumption,  undeniable 
evidence  that  the  manual  labour  necessary  for  their  production  is 
not  only  easier  than  formerly  but  has  also  become  less  ?  that 
therefore  the  direction  of  advance  is  such  that  mankind  in  future 
will  have  to  work  a  yet  shorter  time  in  order  to  gain  their  means 
of  subsistence.  Does  not  the  simultaneously  occurring  phenomenon 
that  the  price  of  labour  does  not  sink  equally  with  the  price  of  goods 
prove  an  improvement  in  the  lot  of  the  worker  with  the  advance 
of  the  scientific  age?    Cheaper  production  of  the  necessaries  of 
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life  ifl  after  all  BTnonymonB  with  the  rise  of  wages.  *^  Higher  wages 
with  shorter  hours  of  laboar/'  this  ever  loader  ringing  demand  of 
the  so-called  working  classes,  follows  as  the  natural  consequence 
of  the  development.  Then,  setting  aside  crises  and  states  of 
transition,  no  more  necessaries  are  produced  than  are  consumed, 
the  average  time  of  labour  must  therefore  necessarily  diminish 
with  the  increased  rapidity  and  simplicity  of  its  production. 

Another  phenomenon  also  universally  occurring  is  the  fall  in 
the  interest  on  capital.  To  survey  the  importance  of  this  fact, 
one  must  keep  in  mind  that  capital  (saved  wages,  as  national 
economists  properly  regard  it,)  is  the  measure  of  all  value  of 
possession.  Personal  or  borrowed  capital  enables  mankind  to 
make  use  of  extra  labour.  If  capital  were  actually  abolished, 
as  fanatical  and  mistaken  men  desire,  mankind  must  return  to 
the  state  of  uncivilization,  when  each  had  to  work  with  his  own 
hands  for  the  production  of  his  requirements.  However,  the 
demand  for  capital  cannot  keep  pace  with  the  growth  of  the 
savings  of  labour,  or  capital,  as  the  contrivances  for  obtaining 
the  results  of  labour  continue  to  grow  more  productive,  simpler 
and  cheaper.  More  capital,  therefore,  is  always  collected  on  the 
average — always  excepting  states  of  transition  and  violent  dis- 
turbances of  natural  advancement — than  can  be  usefully  applied, 
or.  in  other  words,  an  overproduction  of  capital  takes  place,  which 
must  find  its  expression  in  the  steady  sinking  of  the  rate  of  in- 
terest, and,  in  fact,  akeady  finds  it.  Saved  former  work,  capital 
will  therefore  sink  continuously  in  value  as  regards  work  of  the 
pn*sent,  and  must,  therefore,  destroy  itself  in  the  course  of  time. 

For  the  further,  and  apparently  most  important,  complaint  of 
the  opponents  of  our  present  social  development,  the  assertion 
that  through  it  the  great  majority  of  mankind  was  doomed  to  the 
performance  of  work  in  great  factories,  and  that  by  the  progressive 
division  of  labour  there  remains  no  space  for  free  labour  of  the 
individual,  also  for  this  the  natural  progress  of  the  develop- 
ment of  the  age  of  natural  science  has  its  own  remedy.  The 
necessity  of  large  factories  for  the  cheap  production  of  articles  of 
consumption  is  principally  caused  by  the  as  yet  small  develop- 
ment of  mechanical  engineering.  Hitherto  large  machines  have 
supplied  mechanical  work  much  more  cheaply  than  small,  and  the 
setting  up  of  the  latter  in  the  dwellings  of  workmen  is  connected^ 
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moreover,  with  great  difficalcies.  Eagineering  will,  however,  in- 
falliblj  succeed  in  overcoming  this  obstacle  to  the  return  to  com- 
petitive hand  labour,  viz.,  by  the  introduction  of  cheap  mechani- 
cal power,  that  basis  of  all  industry,  into  small  workshops  and 
dwellings  of  artisans.  A  number  of  great  factories  in  the  hands 
of  rich  capitalists,  in  which  '^slaves  of  work''  drag  out  their 
miserable  existence,  is  not,  therefore,  the  goal  of  the  development 
of  the  age  of  natural  science,  but  a  return  to  individual  labour, 
or  where  the  nature  of  things  demands  it,  the  carrying  on  of 
common  workshops  by  unions  of  workmen,  who  will  receive  a 
sound  basis  only  through  the  general  extension  of  knowledge  and 
civilization,  and  through  the  possibility  of  obtaining  cheaper 
capital. 

Equally  unfounded  is  the  complaint  that  the  study  of  science 
and  the  technical  application  of  the  forces  of  nature  gives  to  man- 
kind a  thoroughly  material  direction,  makes  them  proud  of  their 
knowledge  and  power,  and  alienates  ideal  endeavours. 

The  deeper  we  penetrate  into  the  harmonious  action  of 
natural  forces  regulated  by  eternal  unalterable  laws,  and  yet  so 
thickly  veiled  from  our  complete  comprehension,  the  more  we  feel 
on  the  contrary  moved  to  humble  modesty,  the  smaller  appears 
to  us  the  extent  of  our  knowledge,  the  more  active  is  our 
endeavour  to  draw  more  from  the  inexhaustible  fountain  of  know- 
ledge, and  understanding,  and  the  higher  rises  our  admiration  of 
the  endless  wisdom  which  ordains  and  penetrates  the  whole 
creation.  And  the  admiration  of  this  endless  wisdom  calls  forth 
again  that  endless  desire  for  enquiry,  that  self-sacrificing  pure 
love  of  knowledge,  finding  its  last  purpose  in  itself,  which  has 
always  been  the  high  ornament  of  the  German  student,  and.it  is 
hoped  will  continue  to  be  handed  down  to  future  generations. 

And  so,  gentlemen,  we  will  not  allow  ourselves  to  be 
shaken  in  our  belief  that  our  activity  in  investigation  and  dis- 
covery leads  mankind  to  higher  grades  of  culture,  honours  it  and 
makes  it  more  accessible  to  ideal  efifbrts,  that  the  incoming  age  of 
natural  science  will  diminish  its  life  troubles,  its  sickness,  raise  its 
life  pleasures,  will  make  it  better,  happier  and  more  satisfied  with 
its  lot.  Even  when  we  cannot  always  clearly  distinguish  the  way 
which  leads  to  these  better  conditions,  yet  will  we  hold  close  to 
our  conviction  that  the  light  of  truth  which  we  investigate  does 
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not  lead  to  error,  that  the  access  of  power  which  it  conveys  to 
mankind  cannot  lower  it,  but  must  raise  it  to  a  higher  grade  of 
existence. 


ON  THE  POSSIBILITY  OF  PRODUCING  FOOD  STUFFS 

BY  MEANS  OF  ELECTRICITY* 

I  HAVE,  as  is  known  to  our  older  members,  stated  an  opinion  in  a 
speech,  which  was  intended  for  the  Society  of  Natural  Philosophers 
at  Baden  Baden,  and  which  with  the  copy  of  my  address 
forms  part  of  the  first  part  of  our  Journal  for  the  year  1880, 
to  the  effect  that  in  the  future,  in  the  times  when  coal, 
our  principal  fuel,  comes  to  an  end,  it  will  become  possible, 
by  means  of  electricity,  in  combination  with  chemistry,  to  employ 
the  elementary  forces  existing  in  nature  for  the  production  of 
transportable  fuel,  and  thus  to  maintain  the  means  of  existence  of 
mankind  for  a  yet  longer  period.  It  might  also  be  possible  that  in 
future  means  of  existence  could  be  produced  from  their  elements 
existing  everywhere.  This  opinion  received  little  attention  at 
that  time,  and  has  remained  almost  unnoticed.  Recently,  in 
an  address  to  the  Natural  Science  Assembly  at  this  place,  I 
have  cursorily  repeated  the  second  portion  of  this  opinion  as 
applied  to  social  conditions  of  life  in  later  times.  That  has  not 
pleased  many  of  our  national  economist  party.  I  have  been 
violently  attacked  on  this  account,  and  people  have  considered  this 
opinion  as  a  pure  picture  of  the  imagination.  I  have  not,  how- 
ever, been  accustomed  to  give  imaginary  pictures  without  an  actual 
serious  background,  and,  therefore,  consider  it  right  to  justify  my 
opinion  before  you. 

Science  assumes  at  present  that  every  body  has  required 
for  its  production  a  certain  amount  of  work  or  energy.  This 
energy  has  been  created  with  matter  itself  with  which  it  is  com* 
bined,  it  is  perpetual,  and  can  as  little  as  the  latter  be  increased  or 
diminished.    When  two  or  more  bodies  enter  into  chemical  com- 

*  (Electrotechnisclie  Zdtschrift,  YoU  7,  p.  481.)    1886. 
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bination  these  require  a  greater  or  less  amount  of  energy  for 
their  constitution  than  the  bodies  contained  which  are  brought 
into  combination.    This  surplus  manifests  itself  aa  an  alteration 
of  the  temperature  of  the  newly-formed  body.    We  can,  there- 
fore, produce  sensible  or  free  heat  by  bringing  about  chemical 
combinations,  which  require  in  their  new  constitution  a  smaller 
amount  of  energy  than  the  bodies  contained  before  their  new 
chemical  combinations.    Such  bodies,  indeed,  occur  in  nature  aa 
minerals,  as,  for  instance,  sulphur  and  combinations  of  sulphur 
with  metals  ;   they  are,  however,  inconvenient  for  application  as 
fiiel  and  heating  material.    We  are  almost  exclusively  confined  to 
plants  and  their  residue,  coal.    The  plants  owe  their  growth  to  the 
energy  conveyed  to  them  by  the  light  and  heat  rays  of  the  sun. 
Stephenson  could,  therefore,  answer  quite  properly*  when  asked 
what  force  made  his  locomotive  go,  "  bottled  sunlight."     All  the 
energy  which  we  use  on  the  earth,  and  by  which  we  live,  is  energy 
lx)rrowed  from  the  sun,  which  we  fortunately  find  collected  in  great 
masses  in  the  great  fields  of  coal  and  lignite.    But  even  this  store 
of  useful  energy  will  at  last  be  expended,  and  there  then  aricses 
the  vital  question  for  mankind  whether  the  necessary  fuel  can  be 
obtained  by  other  means.    By  chemical  means  this  is  impossible^ 
for  by  it  energy  can,  indeed,  be  changed  and  extended,  but  not 
concentrated. 

r 

This,  however,  is  altered  by  the  application  of  electricity.  If 
water  is  decomposed  by  the  electric  current  of  a  dynamo  machine, 
the  current  must  supply  the  energy  of  combination  which  lies  in 
th^  formation  of  water,  so  that  the  elements  hydrogen  and  oxygen 
may  be  separated  from  one  another,  and  can  exist  separately. 
This  energy  is  imparted  to  the  electric  current  by  a  steam  engine, 
or  some  other  form  of  motor,  which  drives  the  dynamo.  Setting 
aside  losses  by  Motion,  etc.,  the  work  provided  by  the  motor  must 
be  as  great  as  corresponds  to  the  quantity  of  heat  which  can  be 
produced  by  the  combination  of  the  oxygen  and  hydrogen. 
Therefore  the  same  quantity  of  work  is  expended  for  the  produc* 
tion  of  the  electric  current  as  can  be  brought  back  by  the  com- 
bustion  of  the  products  of  decomposition.  The  same  quantity  of 
energy  therefore  remains  in  the  world  ;  only  a  transference  of 
mechanical  into  chemical  energy  has  taken  place.  The  possibility, 
therefore,  exists  by  the  expenditure  of  mechanical  force,  with  the 
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help  of  the  electric  cm  rent,  to  prodace  fuel.  Hydrogen  and 
oiygen — explosive  gas — is  an  excellent  ftiel,  but  difficult  to  applj. 
But  in  place  of  water,  common  salt,  or  another  fusible  salt,  it  can  be 
decomposed  bj  the  electric  current,  and  we  have  besides  in  solid 
sodium,  potassium,  magnesium,  or  calcium,  fuels  in  the  solid  form, 
produced  with  the  help  of  the  electric  current  by  natural  forces 
which  are  already  more  useful.  It  is,  therefore,  no  baseless 
imagination,  but  a  supposition  based  on  quite  determined  facts, 
that  in  this  way  fuel  can  be  produced  by  the  application  of 
forces  existing  in  nature. 

The  question  of  the  production  of  foods  is  a  much  more  difficult 
one.  These  are  also  essentially  fuels.  We  burn  the  substance  of 
the  food  by  means  of  different  chemical  actions,  which  occur  in  our 
bodies,  and  thereby  snpply  the  heat  our  life  requires.  But  there  is  a 
second  condition  to  be  complied  with.  We  must  produce  or  renew 
the  nitrogen  combinations  of  our  body.  It  is,  therefore,  necessary 
that  the  food  should  contain  nitrogen  combinations.  Nitrogen  is 
a  peculiar  body,  which  only  enters  with  difficulty  into  combination 
with  other  substances.  It  is,  therefore,  necessary  in  order  to  pro- 
duce food  stuffs  to  arrive  at  means  of  getting  over  the  difficulty 
of  combining  nitrogen.  In  organic  nature  this  takes  place  by 
means  of  the  life  process  of  plants.  In  inorganic  nature  we  have 
only  nitric  acid  and  combinations  of  ammonia,  the  origin  of  which 
is  somewhat  obscure.  Therefore,  in  fact,  my  opinion  that  it 
would  be  possible  at  some  future  day  to  produce  arilHcial  food 
which  must  contain  nitrogen  would  be  a  dream  if  a  direc* 
tion,  a  way  did  not  already  exist  which  gave  a  prospect  of 
attaining  in  future  the  realization  of  this  hypothesis.  This  means 
exists  in  fact.  Thirty  years  ago  I  described  an  ozone  apparatus 
in  a  published  treatise.  This  apparatus  consists  essentially 
of  two  glass  tubes,  one  within  the  other,  the  walls  of  which 
are  at  a  certain  distance  from  one  another,  and  are  provided 
externally  with  conducting  coverings.  If  these  are  connected  with 
a  source  of  electricity  which  produces  alternating  currents  of  high 
tension,  there  arises  in  the  space  between  the  glass  tubes  an 
appearance  of  light  without  the  current  which  produces  it  pene- 
trating through  the  insulated  space.  This  electric  action  taking 
place  in  the  air  space  has  the  property  of  producing  ozone  in  it ; 
ozone  is  a  modification  of  oxygen  which  constitutes  its  so-called 
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active  state,  in  which  it  combines  with  much  greater  energy  with 
other  bodies.  This  active  oxygen  has  the  property  of  combining 
directly  with  the  nitrogen  of  the  air  on  its  production  with  the 
co-operation  of  the  electric  phenomenon.  The  so-called  sulphur 
smell,  which  occurs  with  every  lightning  flash,  is  produced  by  a 
combination  of  nitrogen  with  oxygen,  which  arises  from  the  flash 
traversing  the  air.  That  the  electric  current  has  the  property  of 
combining  these  materials  together  is  therefore  a  well-known  fact. 
In  the  ozone  apparatus  we  have  therefore  obtained  mechanical 
means  for  the  production  of  these  combinations.  This  may  be 
considered  as  a  door  opening  into  a  futurity,  in  which,  with  the 
assistance  of  mechanically  produced  electricity,  we  can  produce 
commercial  nitrogen  combinations.  It  is  merely  a  thing  of 
ordinary  scientific  technical  advance  to  arrive  at  the  production  of 
nitrogenous  bodies  by  a  combination  of  chemistry  with  electrical 
science.  In  the  same  way  hydrogen  is  produced  in  the  so-called 
active  condition  in  the  ozone  apparatus.  It  is,  therefore,  possible 
to  produce  mechanically  in  the  future  products  belonging  to  the 
series  of  ammonia  combinations.  Whether  electro-chemistry  will 
indeed  solve  the  problem  of  so  combining  the  substances  necessary 
for  nourishment  that  the  animal  body  can  assimilate  them,  and 
can  make  use  of  them  as  food,  lies  in  the  future.  Anyway,  my 
opinion  is  no  dream,  but  an  hypothesis,  resting  on  a  strong 
scientific  basis.  This  I  wished  to  say,  in  justification  of  myself, 
for  I  should  not  like  to  allow  the  reproach  to  rest  on  me  that  they 
were  dreams  which  have  no  basis. 


IMPROVEMENTS  IN  CONTRIVANCES  FOR  THE  COK- 
TINUOUS  MEASUREMENT  OF  THE  SPEED  OF 
SHIPS.* 

Endeavoubs  have  often  been  made  to  measure  the  speed  of  ships 
by  the  pressure  which  a  current  of  water  exerts  on  the  open  mouth 

•  1886. 
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Fig.  190. 


of  a  tube  opposed  to  it,  wliilst  this  increase  of  pressure  was  deter- 
mined in  the  interior  of  ttie  ship  bj  suitable  apparatus,  and  an 
empirical  scale  was  set  up  for  the  speed  corresponding  to  these 
increases  of  pressure.  Endeavours  have  also  been  made  to  measare 
this  speed  in  a  similar  manner  bj  the  sucking  action  which  a 
carrent  of  water  which  passes  across  the 
mouth  of  an  open  tube  exerts  on  the  fluid 
mass  contained  within  the  tube. 

These  experiments  have,  however,  failed, 
principalljfrom  two  causes  :  one,  namely, 
that  the  hydrostatic  pressure  of  the  water 
acting  on  the  mouth  of  the  tube  influ- 
ences the  pressure  existing  in  the  tube 
in  a  similar  way  as  its  motion.  As  the 
hydrostatic  pressure  of  the  water  at  the 
tube's  mouth  is  influenced  by  the  burden 
of  the  ship,  by  its  pitching,  and  especi- 
ally in  a  high  degree  by  waves,  only 
highly  fluctuating  and  variable  indications 
can  be  obtiEiiDed  by  both  methods. 

Further,  the  apparatus  for  measuring 
the  pressure  in  the  body  of  the  ship  had 
always  to  be  placed  below  the  water-line, 
by  which  its  practical  use  would  have  been 
much  hindered ;  if  the  system  had  not 
already  been  rendered  impracticable  on 
account  of  the  continual  variations  in  the 
static  pressure  of  the  water. 

Our  improvements  consist  in  : — 

1.  That  the  influence  of  the  hydrostatic 
pressure  of  the  water  on  the  indications  of 
the  instrument  is  entirely  removed. 

2.  That  the  pressure-measuring  instrument  can  be  placed  in 
the  ship  up  to  10  metres  above  the  level  of  the  water. 

A  short,  wide,  aild  thin  walled  tube  B,  the  axis  of  which  is 
parallel  to  the  ship's  axis,  is  placed  under  or  alongside  the 
body  of  the  ship.  This  thin  walled  tube  offers  only  a  very 
slight  resistance  to  the  motion  of  the  water  parallel  to  its  axis  with 
the  movement  of  the  ship,  so  that  the  horizontal  component  of  the 
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velocity  of  the  water  in  the  middle  of  tLe  tube  and  ontside  of  it 
are  nearly  eqnal.  On  the  other  hand,  the  walls  of  the  tube  prevent 
the  measurements  being  vitiated  through  vertical  differences  of 
velocity.  In  this  wide  tube  two  thin  tubes  CCi  are  fixed,  which 
enter  the  body  of  the  ship  and  pass  through  it  to  the  place  where  the 
speed  is  to  be  observed.  The  lower  ends  of  these  two  tubes  CC^ 
])n8s  from  the  opposite  sides,  or  from  the  opposite  open  sections  of 
the  tube  E,  up  to  the  middle  of  the  tube,  and  are  there  so  bent 
that  the  current  of  water  passing  through  the  tube  flows  past  the 
end  of  one  tube  parallel  to  its  mouth,  whilst  the  opening  of  the 
other  tube  is  averted  from  the  current  of  water.  The  openings  of 
the  two  tubes  are  so  arranged  that  they  lie  in  the  same  section  of 
the  outer  wide  tube,  and  are  at  the  same  distance  from  its  axis. 

As  the  same  hydrostatic  pressure  exists  everywhere  in  the  same 
section  of  the  tube,  in  this  way  the  influence  of  the  variations  of 
this  pressure  on  the  results  of  the  instrument  are  quite  balanced. 
But  the  current  of  water  traversing  the  wide  tube  exerts  a  sucking 
action  on  both  ends  of  the  tube,  which,  according  to  exact 
measurements,  is  proportional  to  the  square  of  the  velocity. 
This  sucking  action  is  about  five  times  as  great  in  the  tube  placed 
sideways,  past  the  mouth  of  which  the  water  flows,  as  in  that 
of  which  the  mouth  is  turned  away  from  the  current  of  water. 
Therefore  there  arises  in  an  instrument  which  measures  inside  the 
ship  the  difference  of  the  two  sucking  actions,  a  difference  of 
pressure  which  is  nearly  proportional  to  the  square  of  the  velocity 
of  the  ship.  Different  arrangements  can  be  used  for  the  measure- 
ment of  this  difference  of  pressure  ;  but  we  prefer  to  employ  a 
mercury  manometer  for  the  purpose,  fixed  to  a  universal  joint,  so 
as  to  secure  the  vertical  position  of  the  manometer  tube,  notwith- 
standing the  motions  of  the  ship. 

The  suspension  of  the  two  communicating  tubes  B6,  lying  near 
to  one  another,  is  effected  by  means  of  india-rubber  tubes,  which 
communicate  with  the  thin  lead  tubes  CCi,  which  lead  to  the  wide 
tube  below  the  ship.  At  all  times  the  whole  system  can  be  filled 
with  water  free  from  air  by  means  of  the  enlarged  open  tubes,  DDj, 
provided  with  a  cock,  and  connected  by  india-rubber  tubes,  if  the 
greatest  height  above  the  level  of  the  water  does  not  exceed 
1 0  metres.  One  of  the  manometer  tubes  passes  to  the  bottom  of 
the  vessel  A  half-fllled  with  mercury,  whilst  the  other  ends  close 
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Hnder  the  upper  cover  of  the  veBsel.  If  the  manometer  tube  B 
commnnicates  with  the  stronger  Buction  month,  the  manometer 
tube  Bi  with  the  weaker,  the  mercury  must  rise  in  the  tube  B  until 
the  balance  of  pressure  is  thereby  again  established.  The  speed  of 
the  ship  is,  therefore,  proportional  to  the  square  root  of  the  rise  of 
the  mercury,  and  can  be  read  by  means  of  a  scale  calculated  in 
advance.  It  may  be  remarked  that  the  readings  are  the  more 
exact,  the  greater  the  ship's  speed. 


ON    A    NEW    ANEMOMETER.* 

In  the  exhibition  of  scientific  instruments,  arranged  at  Berlin,  in 
lionour  of  the  59th  meeting  of  the  German  natural  philosophers 
and  physicians,  amongst  the  numerous  measuring  instruments  sent 
to  the  exhibition  by  the  firm  of  Siemens  &  Halske,  of  Berlin,  was 
an  anemometer,  brought  out  by  Werner  Siemens,  which  depends 
on  a  principle  not  previously  used.  In  this  the  phenomenon  of 
suction  is  used  for  the  measurement  of  the  velocity  of  wind,  and 
yet  more,  by  means  of  this  apparatus,  the  mean  velocity  of  the 
wind  during  a  determined  time  can  be  registered,  and  also  the 
direction  of  the  wind  can  be  determined  which  exists  at  each 
moment. 

The  apparatus  (Fig.  191)  is  of  the  following  kind  : — A  measur- 
ing cylinder  C,  divided  into  cubic  centimetres,  is  closed  above  air- 
tight by  means  of  a  metal  plate  D  ;  the  latter  has  two  openings, 
into  one  of  which  is  fixed  a  brass  tube  S  with  a  fine  projecting 
point ;  in  the  other  is  fixed  a  syphon  bent  twice  at  right  angles, 
which  is  provided  with  brass  springs  on  the  limb  reaching  into  the 
cylinder,  which  holds  a  small  glass  beaker  B  with  a  mouth-piece  ; 
the  other  limb  dips  into  a  large  vessel  G,  filled  with  petroleum,  the 
level  of  which  is  maintained  constant  in  this  way,  that  petroleum 
passes  constantly  into  it  from  a  vessel  with  a  fine  opening  placed 

•  (CommuDicated  by  Dr.  Eoepsel  in  the  Zeitscbrift  flir  Instrnmentkande, 
Vol.  7,  p.  14.     1886.) 
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above  it,  the  overflow  of  which  drops  off.    This  arroDgemeat  proves 
itself  more  suitable  than  Uariotte'a  veaset,  with  which  it  was  Dot 


possible  to  maintain  a  constant  level  on  account  of  the  capillar; 
force  attending  the  formation  of  bubbles. 
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Petroleam  was  used  for  this  purpose,  because  it  drops  out  more 
easilj  thau  water  and  evaporates  less  easily  than  other  perhaps 
equally  suitable  liquids. 

The  fine  point  8  is  connected  through  a  side  tube  K  bj  means 
of  india-rubber  tubing  with  a  manometer  M,  of  which  the  tube  r 
has  only  a  slight  inclination  from  the  horizontal ;  a  wide  vessel  m 
is  fused  to  it  below,  and  is  fUled  with  coloured  petroleum  ;  a 
piston  Ic  immersed  in  this  latter  serves  to  regulate  the  zero  point. 

When  the  apparatus  is  to  be  set  to  work,  then,  in  the  first 
instance,  the  air  in  the  cylinder  G  is  rai:efied  by  sucking,  in  con^ 
sequence  of  which  the  small  glass  beaker  within  is  filled.  Now 
the  level  of  the  latter  is  so  arranged  by  adjusting  the  outer  vessel  G 
that  the  least  rarefaction  of  the  air  in  the  cylinder  causes  the 
liquid  to  drop  out  of  it.  If  then  a  current  of  air  is  directed  sideways 
over  it  by  means  of  a  tube  L  arranged  at  right  angles  to  the  point,, 
the  liquid  falls  in  consequence  of  the  rarefaction  of  air  broaght 
about  by  this  means  in  the  cylinders  from  the  mouth-piece  of  the 
glass  beaker  B  into  the  cylinder,  and  the  amount  of  the  liquid 
which  falls  is  a  measure  of  the  mean  velocity  of  the  air.  If  in 
place  of  a  wide  syphon  a  capillary  tube  were  used  to  join  the 
two  basins,  the  amount  of  the  liquid  which  dropped  would  not  be 
proportional  to  the  mean  velocity  of  the  wind,  but  to  the  sum 
of  the  wind  energy. 

By  the  rarefaction  of  the  air  the  liquid  rises  simultaneously  in  the 
manometer  tube  r  up  to  a  determined  height,  which,  when  equili^ 
brium  takes  place,  serves  to  read  off  directly  the  velocity  of  the  wind 
on  a  scale  increasing  as  the  square. 

The  apparatus  for  determining  the  direction  of  the  wind  con- 
sists of  four  tubes  n,  «,  (?,  t^,  bent  at  right  angles  to  one  another, 
the  openings  of  which  are  directed  to  the  four  points  of  the 
compass;  each  opposite  pair  is  connected  by  means  of  india- 
rubber  tubing  with  the  openings  a'e',  a"  e"  of  two  manometers 
M',  M",  like  the  one  described  above.  The  zero  of  this  mano- 
meter lies  in  the  middle  of  the  tubes  r*  r"*,  and  the  four  ends  of 
the  scale  are  marked  with  the  initials  of  the  fonr  points  of  the 
compass.  Then  if  the  wind  blows  in  the  direction  towards  which 
one  of  these  openings  points,  an  increase  of  pressure  of  the  air  will 
take  place  in  this,  and  in  the  opposite  one  a  rarefaction.  The  first 
acts  on  the  one  side,  the  other  on  the  other  side  of  a  manometer ;, 
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the  oolamn  of  liquid  will,  therefore,  be  moved  from  the  zero  bj 
«aitable  connection,  towards  the  side  which  is  indicated  by  the 
letter  which  represents  the  direction  from  which  the  wind  blows. 
As  the  current  of  air  passes  with  similar  velocity  in  front  of  two 
other  openings,  each  of  which  differs  from  this  direction  by  90°,  it 
<»uses  two  eqaal  rarefactions  which  affect  both  ends  of  the  other 
manometer,  in  conseqaence  of  which  its  zero  point  is  unaffected. 
As  a  simple  consideration  shows,  the  apparatus  also  gives  the 
intermediate  directions  by  a  greater  or  less  movement  of  the 
columns  of  liquid  in  both  manometers.  For  demonstration  this 
instrument  is  provided  with  a  rotatable  conducting  tube  L'  with  a 
broad  opening  for  the  wind,  which  equally  with  the  tube  L  of 
the  registering  apparatus  would  be  omitted  when  the  apparatus 
is  used  for  meteorological  purposes. 

Finally,  it  must  be  mentioned  that  Prof.  v.  Bezold  first  made  the 
proposal  to  register  the  strength  of  the  wind  by  dropping  liquid, 
and  that  with  this  apparatus  the  first  attempt  has  been  made  to 
•carry  out  his  proposal. 


IMPROVEMENTS  IN  ELECTRICITY  METERS* 

The  apparatus  used  for  the  measurement  of  the  quantity  of 
electricity  passing  through  a  conductor  consists  essentially  of  a 
small  magneto  or  dynamo  electric  machine  acting  as  a  motor,  of  a 
damping  arrangement  connected  with  the  motor,  and  a  counter 
coupled  with  the  axis  of  rotation  of  the  motor,  which  shows  the 
quantity  of  electricity  passing  through  the  conductor  in  ampere 
hours,  or  other  measure. 

1.  The  construction  of  the  motor  maybe  seen  in  Fig.  192; 
^  is  a  horse-shoe  magnet,  or  a  system  of  suitably-shaped  polarized 
or  electro  magnets ;  a  is  a  so-called  Pacinotti  ring  serving  as 
armature,  which  is  fixed  together  with  the  commutator  A;  on  the 
spindle  g  turning  in  the  bearings  AA.    In  place  of  a  Pacinotti 

*  German  Patent  No.  40,632  of  20th  Not.  1S86. 
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ring  an  armature  of  any  other  desired  conAruction,  as,  for  instance, 
a  von  Hefner  dmm,  can  be  need.  On  the  commntator  k  the 
brushes  hh  slide,  which  are  connected  to  the  conductor  with  or 
without  a  shunt. 

2.  The  damping  contrivance  consists  of  a  hollow  copper 
cylinder  ee  fixed  on  the  spindle  g  of  the  armature,  the  method  of 
action  of  which  is  the  following.  By  the  rotation  of  the  arma- 
ture a,  electric  currents  are  induced  in  the  copper  cylinder,  which 
rotates  with  the  same  velocity  as  the  armature  in  the  magnetic 
field  of  the  magnet  d,  these  currents  tend  to  make  the  copper 
cylinder,  and  with  it  the  armature  a,  fixed  on  the  same  ade,  turn 
in  opposite  directions.  These  induction  currents,  the  strength  of 
which  is  proportional  to  the  distance  traversed  in  a  minute  of 
time,  or,  in  other  words,  to  the  velocity  of  rotation,  therefore 
retard  the  speed  of  the  armature  proportional  to  the  velocity. 
As,  further,  the  moment  of  inertia  communicated  to  the  armature 
from  the  current  to  be  measured  (with  constant  magnetism  of  the 
magnets  d)  is  proportional  to  the  strength  of  the  current,  there  is 
equilibrium  of  motion  when  the  moment  of  inertia  is  equal  to 
the  retardation,  that  is  when  the  strength  of  the  current  is 
proportional  to  the  velocity  of  rotation.  The  measurement  of  the 
strength  of  the  current  is,  therefore,  reduced  in  a  simple  manner 
to  the  measurement  of  a  length.  This  result  is  however  modified 
in  practice  on  account  of  the  friction  of  the  bearings. 

The  influence  of  this  mechanical,  and,  therefore,  variable 
friction,  which  can  be  made  small  by  appropriate  construction, 
can  be  made  indefinitely  small  by  making  the  controlling  force 
by  electrical  retardation  very  great,  so  that  the  velocity  of  rotation 
of  the  Pacinotti  ring  is  very  small.  This  is  effected  by  means  of 
the  concentric  iron  ring  /,  by  which  the  magnetic  field  in  which 
the  copper  cylinder  turns  is  rendered  very  powerful. 

The  counter  which  shows  the  distance  traversed  by  the  Pacinotti 
ring  in  a  certain  interval  of  time  by  the  number  of  revolutions 
made  is  of  any  usual  construction,  and  is  coupled  in  any  known 
manner  with  the  axis  of  rotation  of  the  armature. 

The  inventors  attach  less  importance  to  the  construction  of  this 
portion  of  the  current  apparatus  and  of  the  motor  than  to  the 
electric  brake  described.  As  compared  with  mechanical  brakes 
which  have  hitherto  been  used  in  the  electric  motors  employed  in 
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t)iirrent  measuring  apparatus,  and  whi(;h  necessitate  special 
mechanism  for  regulating  the  brake  as  regards  the  velocity  (see 
Oerman  Patent  20,828,  and  English  specification  2675,  of  1883) 
the  electric  brake  has  the  advantage  of  greater  simplicitj.  As, 
farther,  the  electric  brake  follows  a  most  simple  law,  and  is  inde- 
pendent of  the  action  of  any  other  mechanism,  by  its  means  a 
simplicity  and  security  in  the  reading  of  the  apparatus  can  be 
assured,  impossible  with  the  help  of  mechanical  brakes.  Atten- 
tion should  also  be  drawn  to  the  circumstance,  that  with  a  constant 
strength  of  the  current  to  be  measured,  both  the  electric  brake 
and  also  the  moment  of  inertia  of  the  armature  is  proportional  to 
the  strength  of  the  magnetic  field  ;  that,  therefore,  the  velocity  of 
the  armature,  and  consequently  also  the  reading  of  the  apparatus, 
is  independent  within  certain  limits  of  the  strength  of  the 
magnet  d.  Finally,  as  the  commutator-brushes  are  approached  to 
the  neutral  line  of  the  armature,  or  as  the  magnet  is  turned  in 
the  opposite  direction  with  a  fixed  position  of  the  brushes,  the 
moment  of  rotation  of  the  armature  diminishes  with  a  constant 
strength  of  current  to  be  measured,  whilst  the  electric  brake 
tx>ntinues  uniform.  In  this  way  we  are  in  possession  of  a  very 
simple  means  to  settle  correctly  the  constant  of  the  counter  for  the 
-electrical  measurement  of  the  currents  to  be  measured,  and,  there- 
fore, to  adjust  the  apparatus  to  different  strengths  of  current. 

if  the  polarized  magnet  is  replaced  by  an  electro-magnet,  or  a 
tiystem  of  electro-magnets,  the  windings  of  the  latter  are  to  be 
connected  up  in  a  shunt  to  the  two  conductors  supplying  the 
place  where  current  is  consumed,  so  that  the  electro-magnets  are 
traversed  by  a  current  due  to  potential  difierence,  whilst  the 
windings  of  the  armatures  are  traversed  by  a  part  proportional 
to  the  main  current. 

Instead  of  the  armature  the  magnet,  or  the  electro-magnet,  can 
be  rotated,  and  the  armature  and  the  electric  brake  be  fixed. 
Finally,  two  systems  of  magnets,  or  electro-magnets,  can  be  used 
'(one  system  as  magnetic  field  for  the  armature  a,  and  the  other  as 
magnetic  field  for  the  electric  brake). 

Patent  Claim. 

In  electric  counters,  which  employ  a£  the  working  force  the 
moment  of  inertia  of  a  magnetic  field  exerted   on  a  moving 
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conductor,  the  use  of  an  electric  brake  in  connection  with  the 
moving  condactor,  strengthened  by  surrounding  the  magnetic 
field  with  a  closed  iron  mantle,  which  effects  a  retardation  pro- 
portional to  the  velocity  of  rotation  ;  so  that  the  path  traversed 
by  the  moving  conductor  in  the  unit  of  time,  and  communicated 
to  the  counter,  is  proportional  to  the  strength  of  current  to  be 
measured  passing  through  the  moving  conductor. 


jft  * 


ON   ELECTRIC  METERS   FOR  SUPPLY  STATIONS. 

The  diflSculties  of  all  kinds  encountered  in  the  arrangement  and 
carrying  out  of  small  electric  lighting  installations  in  great  towns, 
necessitate  the  formation  of  large  central  stations  for  the  produc- 
tion of  electric  current  and  of  a  network  of  conductors  for  its  dis- 
tribution, in  the  same  way  as  gas  and  water  are  carried  to  houses. 
by  means  of  distributing  pipes.  Id  is  only  by  means  of  such 
central  supplies,  from  which  everyone  can  obtain  the  desired 
electric  current  for  illumination,  for  the  production  of  power,  and 
for  other  purposes,  without  further  difficulties  against  payment  for 
the  current  consumed,  that  electricity  is  in  a  position  to  render 
the  greatest  possible  service  to  mankind  to  which  it  is  called. 
Such  central  stations,  which  are  fitted  with  the  necessary  reserves, 
and  technical  safeguards  of  all  kinds,  assure  to  electric  lighting  and 
transmission  of  power  that  security  and  certainty  which  is  neces- 
sary in  order  to  obtain  the  full  confidence  of  the  consuming  public. 
Besides,  large  motors  and  electric  apparatus  work  much  more 
economically  than  small,  and  the  cost  of  production  of  electricity 
to  be  supplied  to  consumers  is,  therefore,  with  well-arranged 
central  stations,  much  smaller  than  with  individual  installations^, 
notwithstanding  the  loss  of  power  due  to  the  resistance  of  the 
current  distributing  network.  One  of  the  greatest  services  which 
Edison  has  rendered  to  the  extension  of  the  means  of  electric 
lighting  is,  that  he  not  only,  without  doubt,  first  brought  the 
incandescence  lamp  into  a  serviceable  form,  but  first  planned 

•  Addraas  to  the  Klectroteclmic  Society,  24th  May,  1887. 
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electric  central  stations,  and  carried  them  oat  practically.  For 
establishing  these  central  stations  the  constraction  of  a  measuring 
instrument  was  essential,  which  continuously  registered  the  con- 
sumption of  electric  energy  by  each  consumer.  Edison  has 
constructed  several  such  measuring  instruments,  some  of  which 
effect  their  object  very  satisfactorily.  After  him  a  number  of 
inventors  have  been  engaged  on  the  problem,  and  there  is  now 
quite  a  series  of  more  or  less  suitable  electrical  registering  apparatus 
for  central  stations.  These  can  be  divided  into  two  groups, 
namely,  energy  meters  and  current  meters.  The  theoretical 
problem  is  exactly  solved  only  by  the  first  group,  as  only  the  sum 
of  the  electric  energy  required  by  the  consumer,  i.6.,  the  product 
of  electric  tension  («),  strength  of  current  {%),  and  the  time  during 
which  the  consumption  takes  place  (/),  corresponds  to  the  actual 
value  of  the  electric  supply. 

In  central  stations  it  is,  however,  a  necessary  condition  that  the 
electric  potential  of  the  current  generated  should  always  remain 
eonstant,  and  it  is  the  problem  of  the  electrical  engineer,  if 
possible,  so  to  combine  the  network  of  conductors  that  the  current 
supplied  to  the  consumers  has  everywhere  nearly  the  same  electric 
potential.  The  potential  {e)  is,  therefore,  to  be  assumed  as  a 
constant  factor  for  the  supply  in  question,  and  it  is  sufficient  to 
arrange  the  instruments  so  that  they  continuously  measure  and 
8um-up  the  product  i.t  only. 

The  simplest  method  of  measuring  and  summing-up  the  pro- 
duct Lt  is  that  ah*eady  proposed  by  Edison,  and  practically  carried 
out  with  success,  viz.,  the  electrolytic.  As,  indeed,  electrolytic 
solution,  like  the  deposit  of  a  metal,  is  proportional  to  the  quantity 
of  electricity  passed  between  the  electrodes,  therefore,  also,  to  the 
sum  of  the  product  t./.,  it  suffices  to  fix  the  weight  of  the  anode  or 
cathode  of  an  electrolytic  cell,  in  order  to  determine  by  the 
difference  of  weights  the  quantity  of  electricity  consumed  between 
two  weighings. 

This,  the  simplest  electricity  meter  which  can  be  imagined,  acts 
with  perfect  certainty  and  sufficient  accuracy  when  dimensions 
are  given  to  it,  large  enough  to  allow  the  whole  maximum 
current  to  be  measured  to  traverse  it.  As  this,  however,  leads  to 
inconveniently  large  dimensions  of  the  cells,  usually  only  a  portion 
of  the  current  is  allowed  to  pass  through  the  apparatus.    In  this 
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way,  however,  the  measurement  loses  ibs  exactness,  as  one  branch 
of  the  current  is  formed  of  a  metallic,  the  other  of  an  electrolytic 
resistance,  and  as  the  resistance  of  the  electrolyte  varies  in  an 
opposite  way  with  alteration  of  temperature  from  that  of  the  metaK 
In  addition  to  this,  the  reduction  of  the  specific  resistance  of  the 
electrolyte  takes  place  in  very  quick  progression  with  increase  of 
temperature.  The  consequent  dependence  of  the  results  of  the 
electrolytic  electricity  meter  on  the  temperature  of  the  cell  appears 
to  render  its  application  hardly  permissible,  if  the  whole  of  the 
current  to  be  controlled  is  not  passed  through  the  meter. 

Another  method  also  proposed  by  Edison  for  the  measurement 
of  electricity  consists  in  allowing  the  current  subjected  to  the 
control  measurement,  or  a  portion  of  it,  to  pass  through  the  wind- 
ings of  a  small  electro-magnetic  machine,  which  has  to  perform  a 
work  proportional  to  its  velocity  of  rotation.  If  this  performance 
of  work  is  so  great  that  the  velocity  of  rotation  of  the  machine  is 
very  considerably  reduced  by  it,  that  the  internal  friction  of  the 
machine  may  be  considered  as  negligibly  small  in  comparison  with 
its  external  performance  of  work,  then  the  velocity  of  rotation 
within  certain  limits  is  a  measure  of  the  strength  of  current,  and 
the  number  of  revolutions  shown  by  a  counter  a  measure  of  the 
quantity  of  electricity  which  traversed  the  conductor.  Besidea 
Edison,  many  other  constructors  have  proposed  electric  meters  on 
this  system  for  electricity  supply  stations,  from  which,  however, 
hitherto  no  very  satisfactory  results  have  been  obtained.  The 
reason  of  this  has  been,  that  the  resistance  which  liquids  oppose 
to  the  motion  of  solid  bodies,  increases  not  directly  as  the  velocity^ 
but  in  a  higher  proportion. 

I  pass  over  many  constructions  of  electricity  and  energy-meters,, 
which,  although  theoretically  correct,  are  too  complicated  or 
delicate  to  be  able  to  be  used  as  practically  serviceable  measuring- 
instruments,  and  will  only  here  refer  to  two  apparatus  which 
within  certain  limits  have  appeared  serviceable.  These  are  the 
electricity  meters  of  Ferranti  and  Dr.  Aron. 

Ferranti's  meter  *  depends  on  the  circumstance  that  mercury 
which  surrounds  a  magnetic  pole  is  set  in  rotation  round  it  when  it 
is  traversed  by  radial  currents.    Ferranti  measures  this  velocity  of 

*  Electrotechn.  Zeitschriffc,  Vol.  7,  p.  65. 
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rotation  of  the  mercury  by  a  light  lever  dipping  into  the  mercury 
and  pivotted  concentrically  with  its  rotation,  the  revolutions  of 
which  are  registered  by  means  of  a  counter.  This  apparatus  gives 
satisfactory  results,  when  well  regulated,  and  when  the  resistance 
of  the  rotating  lever  and  of  the  counter  is  exceedingly  small.  It 
is,  however,  to  be  feared  that,  owing  to  the  extraordinarily  weak 
unipolar  force  of  rotation,  and  the  consequently  extraordinary 
delicacy  of  all  the  moving  parts,  as  well  as  owing  to  the  altera- 
tions which  the  mobility  of  the  mercury  experiences  with  con- 
tinuous contact  with  solid  metals  and  with  the  air,  this  system  will 
not  keep  in  continuous  practical  use. 

The  electricity  meter  constructed  by  our  member.  Dr.  Aron, 
appears  to  have  given  satisfactory  results  throughout.  As  you 
will  remember,  from  his  address,*  it  depends  on  the  fact,  that  the 
time  of  o8cillation  of  the  pendulum  diminishes  as  the  square  root 
of  the  attractive  forces  acting  upon  it.  With  a  small  increase  in 
the  attractive  force,  the  decrease  in  the  time  of  oscillation  may  be 
taken  as  proportional  to  the  said  increase  without  perceptible 
error.  Dr.  Aron  employs  a  steel  uiagnet  as  the  pendulum  weight, 
and  allows  the  whole  of  the  current  to  be  measured  to  pass 
through  a  coil  of  wire,  which  is  placed  vertically  below  the  plumb- 
line  of  the  pendulum.  If  the  pendulum  is  connected  to  a  regu- 
larly-going clock,  the  difference  in  time  between  this  clock  and  a 
standard  one  is  a  measure  of  the  quantity  of  electricity  which  has 
traversed  the  coil  of  wire.  The  objection  that  the  consumer  can- 
not himself  at  all  times  observe  and  control  his  consumption  of 
current,  Dr.  Aron  has  lately  sought  to  overcome,  by  using  two 
clocks  for  each  electricity  meter,  which  are  connected  by  means  of 
differential  mechanism  in  such  a  way  that  a  counter  shows  con- 
tinuously the  difference  between  the  rate  of  the  accelerated  and 
the  standard  clock. 

It  must  be  acknowledged  as  a  drawback  to  this  well-arranged 
system  for  the  continuous  measurement  of  currents,  that  the  limits 
of  the  strength  of  current  which  can  be  registered  by  one  apparatus 
without  error  lie  very  close  together.  This  is  especially  very  dis- 
turbing when  the  consumption  of  electricity  varies  within  wide 
limits,  as  is  frequently  the  case. 

*  £lectrotechn.  Zeitschrift,  Vol.  5,  pp.  480  «t  neq. 
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The  electricity  meter  placed  before  jon  is  a  further  development 
of  the  system  of  an  electro-magnetic  machine  with  the  performance 
of  work  proportional  to  the  velocity  of  rotation.  This  perform- 
ance of  work  is  in  this  case  electro-dynamic,  which  within  wide 
limits  is  exactly  proportional  to  the  velocity  of  rotation  of  the 
machine. 

The  apparatus  consists  essentially  of  a  small  Pacinotti  ring  with 
vertical  axis,  to  which  is  attached  a  commutator  of  very  small 
diameter,  formed  of  platinum  wires.  The  ring  is  surrounded  with 
a  copper  cylinder,  and  firmly  fixed  concentrically  with  it.  A 
horse-shoe  magnet  of  glass-hardened  tungsten  steel  projects  with 
its  polar  ends  within  the  copper  cylinder,  so  that  they  are  nearly 
opposite  to  the  ring,  without  however  touching  the  ring  and 
copper  covering.  The  copper  cylinder  rotating  with  the  ring  is 
itself  surrounded  by  a  fixed  iron  ring.  It  a  current  traverses 
the  windings  of  the  ring,  the  copper  cylinder  rotates  with  it 
between  the  poles  of  the  steel  magnet  and  the  iron  cylinder 
surrounding  it,  by  which  currents  of  great  strength  are  induced  in 
it,  proportional  throughout  to  the  velocity  of  rotation,  which 
reduce  the  velocity  of  rotation  by  about  -^^lYi  the  amount  which  it 
would  have  without  the  electro-dynamic  damping.  As  the  weight 
of  the  rotating  portion  of  the  apparatus  rests  upon  a  point,  and  is 
considerably  reduced  by  the  attraction  between  the  magnet-poles 
and  the  iron  ring,  and  as  further  the  commutator  has  a  very  small 
diameter,  and  is  only  lightly  touched  by  the  fixed  conducting- 
wires,  the  ring  even  with  very  slight  currents  is  set  in  regular  slow 
rotation,  which  is  quite  proportional  to  the  strength  of  the  current 
within  wide  limits.  A  simple  counter  of  the  rotations,  the  dial  of 
which  is  always  visible  through  the  glass  cover  of  the  cylindrical 
case  of  the  apparatus,  gives  at  all  times  with  exactness  the  quantity 
of  electricity  expended.  The  adjustment  of  the  correct  velocity  of 
rotation  for  the  registration  of  the  current  can  easily  be  effected 
by  a  small  shunt  enclosed  within  the  apparatus,  or  by  the  rotation 
of  the  steel  magnet,  whereby  no  visible  sparking  at  the  commutator 
arises.  The  circumstance,  that  the  same  steel  magnet  which 
causes  the  rotation  of  the  ring  exactly  proportional  to  the 
strength  of  the  current  also  effects  the  electro-dynamic  damping, 
makes  the  rotation  tolerably  independent  of  variations  in  the 
strength  of  the  permanent  magnetism.    If,  therefore,  long  use  of 
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the  apparatas  should  actually  lead  to  a  weakening  of  the  Btecl 
magnet,  this  would  remain  without  essential  influence  upon  the 
measurement  of  the  current.  The  velocity  of  rotation  of  the 
apparatus  may  increase  without  injurious  heating  of  the  windings 
and  copper  cylinder,  and  without  the  formation  of  sparks  at  the 
commutator  from  about  7  to  150  revolutions  a  minute,  without 
the  proportionality  with  strength  of  current  altering.  The  appa- 
ratus is,  therefore,  applicable  with  suitable  current  derivation  for 
an  installation  of  80  to  40  incandescence  lamps,  when  the  con- 
sumption of  current  by  a  single  lamp  has  still  to  be  registered.  If 
a  greater  range  of  measurement  is  desired,  this  can  be  effected  by 
a  combination  of  two  similar  meters.  If  the  division  of  the 
current  is  so  arranged  that  the  branch  resistance  of  the  main 
current  in  the  second  instrument  is  only  -j^^th  as  great  as  that  of  the 
first,  only  a  tenth  of  the  current  traverses  the  second  which 
traycrses  the  first ;  the  readings  of  its  counter  have,  therefore, 
twofold  value.  By  a  simple  automatic  switch,  instead  of  the  whole 
branch  resistance  of  the  main  current,  one  can  insert  with  the 
second  apparatus  yV^h  of  it,  if  the  strength  of  the  current  exceeds 
a  certain  limit.  In  this  way  the  extent  of  the  measurement  can  be 
increased  tenfold  without  exceeding  the  lower  limit.  Of  course, 
the  readings  of  the  two  meters  must  be  added  in  order  to  deter- 
mine the  consumpMon  of  electricity. 


APPARATUS  FOR  MEASURING  AND  ADDING  DP  THE 
ENERGY  PASSING  THROUGH  A  CONDUCTOR 
WITH  CONTINUOUS  OR  ALTERNATING  CUR- 
RENTS.* 

The  energy-meters  forming  the  subject  of  the  present  invention 
are  based  on  the  method  already  employed  in  patent  No.  25,919, 
of  continuously  measuring  the  product  of  the  strength  and  poten- 

*  German  Patent,  No.  50,623  of  8th  Feb.  1889. 
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tial  of  the  currenfc  traversing  the  conductor  at  determined  regalar 
intervals,  and  of  totalizing  the  same  bj  means  of  a  coanter,  on  th& 
supposition  that  the  indications  given  by  the  counter  correspond 
without  material  error  with  the  actual  consumption  of  electric 
energy.  The  arrangement  hero  described  differs  essentially  fronv 
the  above-mentioned  measuring  apparatus,  depending  upon  the 
8:ime  principle  in  that  the  current  to  be  registered  has  no  other 
work  to  perform  than  the  movement  of  a  pointer,  that  the  con- 
sumption of  enei^y  in  the  meter  itself  is  consequently  exceedingly^ 
small,  and  the  difference  of  the  currents  to  be  measured  by  the- 
same  apparatus  can  therefore  be  very  great.  Whether  the  appa-- 
ratus  measures  the  energy  consumed,  or  the  sum  of  the  current 
strengths,  viz.,  the  quantity  of  electricity  consumed  depends  onlj 
on  whether  the  position  of  the  pointer  is  made  dependent  on 
the  magnitude  of  the  product  of  the  tension  and  strength  of 
current  (S  x  J),  or  on  the  strength  of  the  current  J  alone.  Aa. 
in  central  stations  the  pressure  is  always  maintained  constant^ 
and  it  is  for  these  stations  alone  that  registering  apparatus  of  thi& 
kind  are  necessary,  in  the  following  description  only  the  n:easnre- 
ment  of  the  quantity  of  electricity  is  kept  in  view. 

The  apparatus  constructed  in  two  forms,  which  are  represented 
in  Figs.  193  and  194,  consists  essentially  of  a  light  suitably-bent 
lever  g,  which  ilB  moved  by  clockwork  from  its  position  of  rest  at 
fixed  intervals  of  time,  for  instance,  every  five  minutes,  against  the 
point  or  edge  of  a  pointer  d  until  the  lever  strikes  the  latter,  ami 
that  the  angle  of  rotation — described  each  time  by  the  lever  by 
this  motion — is  transferred  to  a  toothed  wheel  placed  on  the  axia 
of  the  lever,  and  through  this  to  the  counter.  If,  now,  the  posi- 
tion of  the  pointer  d  is  brought  into  a  fixed  relation  to  tho 
strength  of  the  current  to  be  registered,  and  if  the  curve  which 
bounds  the  lever  on  the  side  which  is  opposite  to  the  end  of  the 
pointer  is  so  shaped  that  the  angles  of  arc,  which  the  lever  must 
traverse,  until  it  touches  the  pointer  are  proportional  to  the 
strengths  of  current,  which  correspond  to  these  positions  of  the 
pointer,  the  counter  will  totalize  all  the  current  strengths  which 
existed  at  the  time  of  measurement,  and  measures  consequently  the 
quantity  of  electricity  passed  through  the  conductor,  on  the  Bup-> 
position  that  the  separate  measurements  may  be  taken  as  the 
mean  current  strengths,  which  will  be  pretty  nearly  the  case  with 


WERNER    VON  SIEMENS, 


539 


Fig.  193. 


continaoas  working  if  the  intervals  of  measurement  are  not  too 
widely  separated. 
The  two  modifications  of  the  apparatus,  represented  in  the 
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figures,  only  differ  materially  in  that  in  the  apparatus  shown  in 
Fig.  193,  thd  motion  of  the  lever  g,  by  means  of  which  the 
measurement  is  carried  out,  is  effected  by  an  eccentric  disc,  which 
is  rotated  regularly  by  means  of  clockwork  wound  up  by  hand^ 
whilst  as  regards  the  apparatus  represented  in  Fig.  194  the  motion 
of  the  lever  is  effected  by  an  electro-magnet  the  windings  of  which 
are  traversed  by  a  short  current  at  determined  intervals  of  time  by 
means  of  an  automatic  contact  device. 

In  the  apparatus  shown  in  Fig.  198,  d,  represents  the  pointer 
pivoted  at/,;at  the  short  end  of  which  a  magnet  a,  which  is  carried 
by  the  adjustable  spiral  spring  R,  hangs  in  a  solenoid.  This  spring 
is  so  adjusted  that  the  edge  of  the  long  arm  of  the  pointer  is 
opposite  the  lowest  point  of  the  division  of  the  lever  ^,  withont 
actually  touching  the  latter,  whilst  this  edge,  with  the  strongest 
current  which  the  apparatus  is  arranged  to  register,  is  opposite  to 
the  highest  point  of  the  division,  so  that  this  division  touches 
the  edge,  when  the  lever  is  turned,  until  it  is  prevented  by 
touching  the  edge  from  further  rotation.  This  angle  of  motion 
forms  the  measure  of  the  highest  possible  strength  of  current  for 
which  the  counter  is  constructed.  The  curvature  of  the  narrow 
surface  of  the  lever  g  presented  to  the  edge  of  the  pointer  ^  is  so 
chosen  that  also  at  all  intermediate  values  of  the  current  strength, 
and  the  consequent  positions  of  the  edge  of  the  pointer  dependent 
on  the  latter,  the  angular  motion  of  the  lever  g  is  proportional  to 
the  strength  of  the  current.  This  gives  the  great  advantage  that 
it  is  unnecessary  to  arrange  the  magnet  system  in  such  a  way  that 
the  rotation  of  the  pointer  is  proportional  to  the  strength  of  the 
current,  or  generally  has  a  determined  ratio  to  it.  It  is  sufficient 
empirically  to  arrange  the  curvature  of  the  lever  g^  so  that  the  pro- 
portionality of  the  angle  of  rotation  of  this  lever  to  the  strength  of 
the  current  at  every  moment  is  always  maintained.  If  by  a 
change  of  magnetism  or  from  other  causes  a  change  in  the  posi- 
tion of  the  pointer  becomes  necessary,  it  suffices  to  adjust  the 
pointer  by  means  of  the  spring  B,  for  a  single  strength  in  order  to 
make  the  readings  of  all  strengths  of  current  again  correct. 

For  transmitting  the  angle  of  rotation  of  the  lever  g  to  the 
counter,  a  loose  ratchet-wheel,  fit,  is  placed  on  the  axis  of  rotation 
X  of  the  lever  which  is  connected  by  means  of  a  pinion  and  spnr- 
wheel  with  the  counter.     On  the  lever  g  \&  placed  a  spring 
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pawl  vfc,,  bf  which  the  wheel  is  always  turned  forward  proportioa< 
atelj  to  the  tDraiDg  of  the  lever.  The  fixed  sprmg  pawl  i,  prevents 
the  tarning  back  of  the  wheel.    The  lever  g  itself  is  moved  b^ 
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the  spiral  spring  against  the  edge  of  the  poiuter,  whilst  the  eccen- 
tric disc  c  turned  by  the  clockwork  by  means  of  the  roller  e  fixed 
to  the  lever  presses  this  back  into  the  position  of  rest  once  in  each 
revolution,  thereby  stretching  the  spring  r. 

In  order  that  the  pointer  may  move  as  much  as  possible  without 
friction;  and  yet  be  firmly  pivoted,  the  hardened  steel  points  of 
the  spindle  of  the  pointer  ai'e  supported  in  glass-hardened  circalar 
steel  channels,  as  is  shewn  in  detail  to  the  left  of  Fig.  193  near 
the  section.  As  the  points  are  somewhat  more  acnte  angled  than 
the  grooves,  only  the  outermost  points  rest  on  the  base  of  the 
grooves.  In  order  to  secure  the  horizontal  position  of  the  axle, 
steel  pieces  filling  up  the  grooves  are  cat  obliquely  and  pushed  in 
until  they  touch  the  points  of  the  pivotted  axis  and  then  fixed. 
The  axis  is  then  fixed  without  touching  at  any  other  parts  than 
the  outermost  points. 

To  get  rid  of  the  inconvenience  of  repeatedly  winding  up  the 
-clockwork,  and  the  necessity  for  the  use  of  large  powerful  clock- 
work, an  inconvenience  which  is  specially  felt  in  places  where 
there  is  only  a  small  consumption  of  electricity,  the  couBtruction 
represented  in  Fig.  194  is  intended 

The  pointer  d\&m  this  case  arranged  as  a  one-armed  lever,  so 
that  the  position  of  rest  of  the  pointer,  when  no  current  passes, 
lies  at  the  outermost  end  of  the  oscillating  lever  ^.  This  arrange- 
ment has  the  advantage  that  very  weak  currents  can  be  more 
exactly  registered,  as  considerable  angular  displacements  of  the 
pointer  d  correspond  to  small  angular  rotation  at  the  outer  end  of 
the  lever  g.  In  this  modification  the  measuring  lever  g  is  drawn 
by  the  spring  r  against  a  fixed  stop  ^  which  is  so  r^dated  that 
when  no  cuiTent  is  passing  the  edge  of  the  pointer  d  is  opposite  to 
the  outermost  division  of  the  curve  of  the  lever  g^  without  any 
contact  taking  place. 

The  rotation  of  the  lever  g  against  the  edge  of  the  pointer  d  is 
in  this  case  effected  by  means  of  a  small  band  magnet  h  with  fine 
wire  windings  by  means  of  the  armature  plate  a,.  This  iron  plate 
rests  loose  on  the  axle  of  the  lever  g^  with  which  it  is,  however, 
connected  by  means  of  the  spring  r^  Wiien  the  armature  is 
^tracted  the  lever  g  is  softly  pressed  by  the  spring  r,  against  the 
edge  of  the  pointer  d,  nnd  held  agajnst  the  latter  until  the  magne- 
tization has  ceased,  when  the  spring  r  again  attains  the  ascendancy. 
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and  bringB  back  the  lever  g  to  the  stop  i.  The  wiadings  of  the 
electro-magnet  ^jare  inserted  in  a  shunt  circuit  of  Terjhigh  resis- 
tance ;  the  magnet  is,  therefore,  always  uniformly  excited  if  the 
circuit  is  completed.  This  can  be  effected  in  any  way  whereby  a 
short  current  is  produced  at  regularly  recurring  intervals  of  time. 
In  the  apparatus  shown  in  Fig.  194  this  is  effected  by  means  of 
clockwork  with  anchor  escapement,  which  has  besides  the  balance  j9 
and  the  escapement-wheel  n  only  a  driving  barrel  with  a  spring, 
which  is  wound  up  on  each  attraction  of  the  armature  a^  by  the 
toothed  sector  ^  connected  with  the  magnetic  armature  o^  so  much 
as  is  necessary  to  enable  the  clockwork  to  be  kept  in  motion  until 
the  next  attraction. 

To  produce  the  short  current  through  the  magnet  windings  a 
contact   arrangement  is  used,  which  is  specially  represented  in 
Fig.  195.    On  the  spindle  of.  the  spring  barrel  is  fixed  a  disc  with 
two  concentrically  rising  and  vertically  falling  pro- 
jections fh  w^  on  which  slide  the  ends  of  two         pjj.  ^^r^ 
springs  u\  and  w^  until  these  have  passed  a  projec- 
tion, and  then  fall  down.    The  two  springs  are  in 
metallic  connection.    The  conductive  connection 
between  the  two  contact  screws  v^  and  r,  is,  there- 
fore, formed  when  both  springs  are  in  contact  with 
their  corresponding  contact  screws.  This  is,  however, 
only  the  case  so  long  as  one  spring  w^  has  fallen  off, 
whilst  the  other  has  not  yet  passed  the  nose,  and  is  pressed  by  the 
latter  against  the  contact  v^    This  arrangement  has  the  advan- 
tage, that  the  contact,  and  with  it  the  current,  is  suddenly  closed 
and  broken,  and  that,   therefore,  neither  on  '  breaking  nor  on 
t)losing  can  an  undecided  contact  take  place,  which  by  concussions 
could  produce  a  clatter,  and  in  this  way  false  indications. 

In  order  to  prevent  the  instrument  being  affected  by  strong 
magnets  brought  near  it,  the  solenoid  5  can  be  surrounded  with 
an  iron  casing  0. 

If  the  instruments  described  are  to  be  used  not  for  the  measure- 
ment of  electricity,  but  for  the  measurement  of  electric  energy  in 
circuits,  in  which  the  electric  potential  undergoes  decided  varia- 
tions, instead  of  a  steel  or  iron  core  a  solenoid  with  windings  of 
fine  wire  can  be  hung  in  the  fixed  solenoid,  and  the  pointer  can  be 
fixed  to  the  former.    In  this  case,  however,  it  is  preferable  to 
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make  use  of  the  fonn  used  in  electro-djnamometers  of  a  rotative 
solenoid  within  a  fixed  one. 

In  Fig.  196  the  arrangement  of  this  rotating  solenoid  with  the 
pointer  attached  to  it  is  shown  in  plan  and  vertical  section,  and 
the  other  portions  of  the  apparatus  which  remain  exactly  like  those 
previously  described  are  omitted  from  the  drawing.  Between  the 
fixed  solenoids  SS,  divided  into  two  parts  is  the  rotatable  solenoid  S, 
with  windings  of  fine  wire  which  run  in  a  plane  at  right  angles  to 
the  windings  of  the  fixed  solenoid  first  named.  The  moveable 
solenoid  S,  is  fixed  on  an  axle/,  to  which  the  pointer^ is  fastened. 
The  axle  /of  the  moveable  solenoid  S,  serves  at  the  same  time  to 
lead  the  current  to  this  solenoid  ;  this  construction  can  be  carried 
out  in  various  different  ways.    In  the  arrangement  shown  in  the 


Fig.  196. 


figure  for  example,  the  lower  point  of  the  axle /turns  in  a  mercury 
cup,  into  which  one  leading  wire  dips,  whilst  the  upper  part  of 
this  axle  /,  the  upper  point  of  which  again  runs  in  a  suitable 
bearing,  passes  through  a  vessels  of  glass,  stone,  or  other  material 
which  cannot  be  amalgamated,  which  is  filled  with  mercury,  iind 
receives  the  second  conducting  wire.  The  hole  in  the  vessel  A, 
through  which  the  axle /passes,  is  so  dimensioned  that  there  is 
only  the  very  smallest  clearance  between  the  axle  and  the  wall  of 
the  boring,  so  that  the  mercury,  in  consequence  of  capillary  attrac- 
tion, is  prevented  from  passing  out  of  the  glass  vessel. 

By  means  of  a  spiral  spring  R,  which  can  be  turned  by  means 
of  the  knob  Z,  the  position  of  rest  of  the  rotatable  solenoid  is  adjusted, 
whilst  the  torsion  strength  of  the  spring  is  so  calculated  that  the 
pointer  completely  traverses  the  scale  of  the  oscillating  lever  with 
the  greatest  energy  to  be  measured. 

The  oscillating  lever  g,  not  shown  here,  which  is  periodically 
brought  from  its  position  of  rest  to  strike  against  the  pointer  d^  is 
provided  in  this  case  also  with  a  curvature  on  the  side  turned  to 
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the  pointer,  so  formed  that  the  angles  of  rotation,  which  the 
oscillating  lever  describes  up  to  its  contact  with  the  pointer,  are 
proportional  to  the  amount  to  be  measured — therefore  to  the  pro- 
duct of  the  tension  and  strength  of  current,  so  that  in  consequence 
the  counter  gives  directly  the  energy  consumed. 

Patent  Claims. 

In  an  apparatus  for  measuring  and  totalizing  electric  energy,  in 
which  are  summed  up  the  angles  of  rotation  of  a  properly  arranged 
lever,  which  is  turned  at  fixed  intervals  of  time  until  it  touches  a 
pointer  determined  in  its  position  by  the  electric  energy  passing  at 
the  time. 

1.  The  arrangement  of  an  eccentric  disc  which  is  continually 
turned  by  clockwork,  whilst  a  spring  brings  the  lever  which  de- 
scribes the  angles  to  be  totalized  on  the  return  of  the  eccentric 
without  shock  against  the  edge  of  the  pointer,  which  prevents  the 
ftirther  turning  of  this  lever. 

2.  The  substitution  for  the  eccentric  disc  continually  turned  by 
clockwork,  and  causing  the  motion  of  the  oscillating  lever  of  the 
arrangement  of  an  electro-magnet  or  solenoid,  the  windings  of 
which  lie  in  the  shunt  to  the  conductor,  by  which  simultaneously 
the  clockwork  producing  the  periodic  contact  is  wound  up. 

8.  For  the  purpose  of  suddenly  making  and  breaking  the  periodic 
contacts  mentioned  under  2,  the  arrangement  of  two  springs  in 
conductive  connection  with  each  other,  which  are  raised  by  the 
clockwork  and  &11  shortly  after  one  another,  whereby  the  falling 
of  thie  first  spring  makes,  and  of  the  second  breaks,  the  contact. 


ON    UNDERGROUND    CONDUCTORS    IN    ELECTRIC 

INSTALLATIONS.* 

(tentlembm, — The    well-known    English  electrical    engineer. 
Prof.  George  Forbes,  on  the  28th  of  last  month,  brought  a  com- 

*  (Paper  before  the  Electro technic  Society  on  26tli  March,  1889.) 
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munioation  before  the  English  Institution  of  Electrical  Engineers^ 
on  the  ^*  Electric  light  central  stations  of  Europe  and  what  they 
teach,"  in  the  introduction  to  which  he  apologetically  remarks 
that  even  in  England  much  can  be  learnt  from  those  who  were 
in  the  position  to  collect  experience  in  this  direction  earlier 
than  the  English.  Prof.  Forbes  has  in  the  journey  which 
he  has  made  through  Berlin^  Milan  and  Rome  learnt  much 
which  he  willingly  recognises  as  an  advance  in  this  province. 
That  this  has  itself  surprised  him  follows  from  the  expression^ 
that  to  his  astonishment  in  the  Berlin  Central  Station,  which 
was  very  methodically  and  effectively  arranged,  he  had  only 
come  across  German  work,  at  least  he  had  certainly  not  seen  any 
American.  In  Berlin,  the  birthplace  of  underground  lines,  of  the 
dynamo  machine,  of  electric  railwajrs,  and  numberless  other  elec- 
trotechnical  acquisitions,  this  surprise  seems  somewhat  astonish- 
ing. Prof.  Forbes  and  his  countrymen  will  have  to  accustom 
themselves  to  the  thought,  that  the  times  are  passed  when  the 
superior  English  science  alone  ruled  the  world,  and  that  also  ont- 
side  of  England^s  encircling  and  protecting  sea,  genuine  technical 
productions  are  to  be  found.  Prof.  Forbes  says  in  the  introdac* 
tion  to  his  address,  that  he  wished  to  raise  a  discussion  on 
the  details  of  electric  light  central  stations  and  networks  for 
current  distribution,  and  to  make  a  protest  against  faulty  systems. 
He,  however,  unfortunately  immediately  begins  this  useful  discus- 
sion, without  thoroughly  informing  himself,  mth  a  protest  against 
the  system  of  iron-armoured,  lead-cased  conductors,  which  he  has 
found  in  the  three  towns  visited  by  him.  He  supports  his  dog- 
matic judgment  exclusively  on  the  experience  which  has  been 
arrived  at  in  Berlin  on  this  system  of  conductors,  and  thence  con- 
cludes, that  these  cables  continue  very  good  for  three  years,  and 
that  then  in  general  they  go  to  ruin.  The  lead  was  eaten  away  and 
the  water  penetrated  to  the  copper,  which  was  then  destroyed.  It 
was  presumed  that  the  destruction  of  the  lead  came  about  throngh 
its  forming  a  galvanic  cell  with  the  iron  sheathing.  Whatever, 
however,  might  be  the  cause,  it  is  certain  that  such  cables  did  not 
last  as  underground  conductors  longer  than  three  years.  One 
would  think  that  so  eminent  an  electrical  engineer  would  only 
give  so  severely  condemnatory  an  opinion  on  so  widely  extended  a 
system  on  the  basis  of  very  thorough  study.    In  Prof.  Forbes* 
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address,  however,  nothing  of  this  kind  is  to  be  foand.  He 
supports,  as  said,  his  jadgment  ia  the  first  place  oa  the  unsatis- 
factory experience  gained  in  Berlin,  for  the  communication  of 
which  he  has  to  thank  Messrs.  Sathenau  &  Datterer  of  the 
Allgemeine  Eleccricitats  Company,  and  further  on  the  unsatisfac- 
tory experience  hitherto  gained  in  England  and  America  with  lead 
covered  cables  from  various  sources.  In  neither  of  these  cases  has 
a  lead  covered  cable  lasted  more  than  three  years,  and  likewise  the 
Berlin  gentlemen  had  represented  three  years  as  the  period  when 
destmction  begins. 

I  must  here  express  the  hope  that  the  Berlin  electrical  engineers 
in  question  have  been  misunderstood  by  Prof.  Forbes,  and  that 
they  will  publicly  set  this  right,  as  the  expressions  ascribed  to 
them  do  not  correspond  with  the  facts.  In  fact  the  Berlin  net- 
work of  mains  which  has  been  manufactured  and  laid  by  the  firm 
of  Siemens  &  Halske  has  a  street  length  of  130,000  metres,  of 
which  about  51,700  metres  were  laid  in  the  year  1885,  whilst 
about  86,400  metres  were  laid  in  the  years  1887-88.  Of  these 
the  first  portion  of  the  cable  laid  for  about  three-and-a-half  years 
is  entirely  unaltered.  Neither  oxidation  of  the  lead  tube  nor 
break  down  of  the  insulation  has  been  noted.  The  iron  sheathinsr 
covered  with  bitumen,  and  a  layer  dmm.  thick  of  tarred  jute,  has 
also  suffered  no  alteration,  as  was  proved  a  short  time  ago  by 
digging  at  about  thirty  places  of  the  Berlin  circuit.  Failure  in 
the  cable  network  first  took  place  in  the  month  of  August  of  last 
year,  shortly  after  the  electric  connection  of  the  three  distributing 
networks  was  eflPected,  and  exclusively  in  cables  of  the  later  layings 
in  the  years  1886  and  1887.  The  occurrence  of  the  faults  was 
unfortunately  only  announced,  at  least  they  were  only  reported  to 
be  wanting  repairs,  after  a  complete  destruction  of  the  places  in 
question  had  occurred  owing  to  the  melting  of  neighbouring 
cables.  During  the  repairs,  which  were  carried  out  in  a  few  days 
without  any  important  disturbance  of  the  working,  faults  were 
found  in  four  places,  and  removed  by  replacing  about  200  metres 
of  cable.  In  this  way  the  insulation  of  the  whole  network  was 
again  made  good,  and  no  new  fault  has  since  occurred  as  the 
manager,  Mr.  Rathenau,  has  lately  stated  in  reply  to  a  direct  en- 
quiry. Of  the  faults  which  have  occurred  two,  as  examination 
now  proves,  are  due  to  external  injuries — ^blows  with  the  pick.    As 
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regards  the  others  the  deslrQction  dae  to  the  melting  has  extended 
so  far,  that  the  cause  of  the  first  fault  of  insulation  can  no  longer 
be  ascertained.  That  the  iron-strip  protection  in  the  portion  of 
the  cable  close  to  the  faults  was  partly  galvanically  corroded,  is 
the  natural  consequence  of  the  melting  together  of  copper,  lead 
and  iron  at  this  spot.  The  renewal  of  this  piece  of  cable  with 
corroded  iron  sheathing,  necessitated  the  disproportionately  great 
length  of  about  200  metres  of  cable,  required  for  the  repair. 
Prof.  Forbes  has  overlooked  that  such  a  corrosion  of  the  iron  by 
the  current  in  the  cable  must  necessarily  hnppeu  as  a  secondary 
action  of  the  fault  which  occurred,  and  erroneously  assumes  that 
this  disturbance  was  the  first  cause  of  the  fault  which  occurred, 
and  that  it  was  owing  to  the  galvanic  difibrence  of  potential 
between  lead  and  iron.  That,  he  says,  the  lead  would  be  galvani- 
cally destroyed  by  such  a  contact  of  lead  and  iron  is  evidently  an 
error  committed  in  a  hurry,  because  lead  from  its  position  in  the 
potential  series  is  on  the  contrary  prevented  from  oxidation  by 
contact  with  iron,  and  iron  on  the  contrary  injured.  Such  a 
destruction  of  the  iron  would  be  altogether  without  influence  on 
the  preservation  of  the  lead,  and  therefore  on  the  insulation  of  the 
cable.  But  after  the  construction  of  the  cable  no  contact  between 
lead  and  iron  took  place.  Both  are  carefully  separated  from  one 
another  by  a  layer  of  asphalted  jute  3mm.  thick,  and  their  insula- 
tion from  one  another  is  always  tested.  It  is  therefore  a  mistake 
of  Prof.  Forbes  that  the  galvanic  difi^erence  of  potential  between 
lead  and  iron  is  the  cause  of  the  destruction  which  occurred  of 
certain  short  pieces  of  cable  of  the  Berlin  network.  This  is  also 
confirmed  because  whenever  there  has  been  any  digging  up,  the 
iron  covering  which  is  itself  protected  by  a  covering  of  asphalle, 
and  finally,  by  a  covering  of  tarred  jute  about  3mm.  thick  has 
shown  itself  entirely  untouched,  and  usually  of  exactly  the  same 
appearance  as  before  the  laying.  As  already  explained,  the  Berlin 
cable  network,  with  its  many  ramifications  and  house  connections, 
is  unfortunately  not  so  laid,  that,  without  great  disturbance  of  the 
service,  regular  measurements  of  insulation  of  the  whole  network 
and  its  parts  can  be  carried  out  as  may  be  done  with  a  rational 
system  of  working.  It  is  only  to  be  ascribed  to  this  circumstance, 
to  the  want  of  testing  of  the  insulation,  that  the  faults  which  have 
occurred  could  increase  so  as  to  become  a  cause  of  disturbance. 
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Unfortunately  for  these  reasons  it  cannot  be  ascertained  whether 
the  total  network  has  maintained  its  original  high  insulation  un- 
altered. It  is  indeed  possible  that  some  faults  have  already 
occurred  which  must  first  develope  themselves  before  they  become 
evident  in  use,  and  can  be  repaired.  That  however  there  is  no 
reason  for  assuming  a  general  considerable  reduction  of  insulation 
is  shown  by  the  measurements  which  have  been  made  on  cables  of 
similar  construction,  which  have  been  laid  down  in  other  places 
by  Siemens  and  Halske.  Thus  the  ten  cables  of  similar  construc- 
tion laid  down  in  Munich  for  lighting  the  theatre  in  the  year 
1884,  of  about  1,688  metres  in  length,  were  tested  on  the  9th  of 
March  of  this  year,  and  nine  of  these  cables  gave  an  insulation  of 
about  50  million  ohms  per  kilometre,  whilst  cue  cable  showed  a 
considerably  lower  insulation,  which  nevertheless  was  still  not 
observed  in  working.  Immediately  after  laying,  these  cables  had 
an  average  insulation  of  160  million  ohms  per  kilometre.  This 
practically  quite  unimportant  decrease  in  the  insulation  is,  how- 
ever, only  apparent,  as  the  cable  ends  lie  in  unwarmed  damp 
places,  and  could  not  be  dried  and  insulated  with  the  care  that  the 
measurement  of  such  high  insulation  requires.  These  cables,  which 
have  now  been  in  use  for  five  years,  show  quite  convincingly  the 
incorrectness  of  the  assertion  of  Prof.  Forbes  that  the  iron- 
armoured  lead  cables  only  gave  three  years'  service,  and  then 
came  to  an  end  owing  to  the  destruction  of  the  lead.  How  com- 
pletely untenable  and  groundless  is  this  judgment  is,  however, 
seen  already  from  the  figures  obtained  for  the  Berlin  distribut- 
ing network,  for  notwithstanding  the  neglect  of  the  insulation 
control  by  which  small  faults  would  have  been  able  to  develope 
into  extensive  disturbances,  there  is  nevertheless  only  a  length  of 
cable  of  i-th  per  cent,  of  the  length  of  the  Berlin  network  that  has 
had  to  be  repaired.  It  is  quite  incorrect  to  draw  the  conclusion 
that  the  iron-armoured  lead  cables  are  to  be  considered  a  failure. 
With  much  greater  accuracy  this  assertion  can  be  opposed  by  the 
other,  that  the  results  of  the  use  of  such  cables  in  the  central 
stations  of  Berlin,  Munich,  Rome,  Turin,  Milan,  Mulhausen, 
Lyons,  the  Hague,  St.  Petersburg,  Moscow,  &c.,  have  given  proof 
that  this  system  has  fully  succeeded,  and  anyhow  at  the  present 
time  is  the  best,  safest  and  most  durable  of  all  systems  hitherto 
used  of  underground  conductors  for  central  stations.    That  faults 
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due  to  extenial  injuries,  or  occurring  during  construction  or  lay- 
ing can  arise  with  it  is  quite  possible.  A  cable  network  as  wcU  as 
any  other  technical  installation  requires  careful  supervision,  and 
arrangements  must  be  so  carried  out  that  this  is  easily  practicable. 
Prof.  Forbes  gives  as  a  further  ground  for  his  general  con- 
denmatory  judgment  pronounced  on  all  lead-cased  conductors, 
that  the  lead  does  not  keep,  especially  in  the  ground,  and  that  iu 
none  of  the  numerous  applications  in  England  and  America  has  a 
greater  duration  than  three  years  been  observed.  If  this  is  correct 
it  only  proves  that  in  these  countries  the  correct  data  for  the  oon* 
structioUy  manufacture,  and  laying  of  lead  cables  have  not  yet 
been  followed.  In  Germany  for  a  generation  past  experiments 
with  lead  cables  have  been  carried  out,  and  many  unfortunate  results 
have  been  experienced.  When  the  extensive  system  of  conductors 
insulated  with  gutta-percha,  laid  in  the  years  1847  to  1850  in  the 
ground  without  other  protection,  failed  owing  to  external  damage, 
which  was  generally  caused  by  field-mice,  rats,  and  other  gnawing 
animals,  it  was  sought  to  protect  them  externally  by  means  of  a 
covering  of  lead.  But  this  attempt  also  failed,  because  the 
animals  gnawed  the  lead  also.  It  was,  however,  shown  that  the 
lead,  which  in  general  remained  quite  unimpaired  in  the  ground, 
so  that  now  after  more  than  forty  years  lead  cables  have  been  dug 
up  which  are  entirely  unaltered,  was  yet  completely  destroyed  in  a 
short  time  at  some  points.  The  examination  of  this  circumstance 
proved,  that  wherever  vegetable  matter,  such  as  wood  or  other 
plant  fibre,  came  into  direct  contact  with  the  lead,  this  was  quickly 
converted  by  the  action  of  the  air  into  carbonate  or  acetate  of 
lead,  whereas  in  such  soil  as  is  free  from  organic  material,  it  re- 
mained unaltered  for  centuries,  as  is  shown  by  the  remains  of  the 
Boman  water-pipes  which  still  remain  unaltered  Therefore  the 
lead  tube  must  be  carefully  protected  from  all  contact  throughout 
its  length  with  putrefying  vegetable  matter,  which  was  the  more 
difficult,  as  it  was  shown  that  even  embedding  in  chalk  or  cement 
was  prejudicial  to  the  preservation  of  the  lead.  It  is  only  a  series 
of  experiments  extending  over  years  which  has  led  to  the  know- 
ledge, that  an  asphalte  covering  of  the  lead  tube  and  a  subsequent 
covering  of  it  with  a  layer  of  asphalted  braiding,  such  as  hemp  or 
jute,  formed  a  perfectly  safe  dividing  layer.  This  protecting  cover- 
ing of  the  lead  itself  required  a  further  protection  against  external 
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injury  by  men  and  animals.  As  the  drawing  in  of  the  thick  and 
only  slightly  flexible  insulated  conductors  through  iron  pipes  in 
long  stretches  is  not  practicable,  whilst  the  laying  of  them  in  iron 
or  brick  conduits  is  costly,  and  can  only  be  used  when  the  conduits 
are  so  wide  that  men  can  easily  work  in  them ;  the  protecting 
means  most  easily  applicable  was  a  wrapping  of  a  double  spiral  of 
iron  strip  which  again  on  its  side  must  be  protected  against  oxida- 
tion by  being  asphalted  or  galvanized,  and  by  a  final  seiTJng  of 
tarred  jute.  Lengthy  experiments  carried  out  for  years  have 
proved  that  in  this  way  conductors  can  be  made,  which  last  for  an 
anlimited  time  in  all  sorts  of  soil  not  strongly  impregnated  with 
foul  animal  substances.  It  is  certainly  necessary  for  the  produc- 
tion of  perfect  insulation,  that  the  braiding  which  separates  the 
copper  strand  from  the  inner  wall  of  the  lead  tube  should  be  com- 
pletely saturated  with  highly  insulating  material,  so  that  all  its 
pores  are  filled  with  an  impregnating  mass,  and  that  the  lead  tube 
itself  should  be  perfectly  watertight  and  free  from  pores.  Unfor- 
tunately experience  taught  us  that  this  could  not  be  surely  at- 
tained with  the  ordinary  lead  tube  presses  in  which  the  lead  is 
heated  to  the  melting  point.  Owing  to  impurities  in  the  lead  and 
small  air  bubbles,  channels  were  formed  here  and  there  through 
the  lead  wall,  through  which  water  in  course  of  time  found  its 
way  to  the  insulator.  By  a  double  covering  with  lead,  the  time 
necessary  for  this  was  very  considerably  lengthened,  but  the  evil 
was  not  altogether  got  rid  of,  as  the  water,  which  found  its  way 
through  a  fault  in  the  outer  tube  to  the  space  between  the  two 
lead  tubes,  spread  along  in  the  same,  until  it  arrived  at  a  fault  in 
the  inner  tube.  But  we  have  succeeded  in  making  perfectly  tight 
leaden  coverings  by  pressing  the  lead  in  the  cold  condition  around 
the  insulated  copper  strand  by  the  application  of  very  high  pres- 
sure. By  means  of  the  powerful  pressure  necessary  for  this  pur- 
pose the  air  bubbles  still  existing  in  the  ingots  of  lead  are  com- 
pressed to  a  harmless  minimum,  and  with  the  greater  thickness 
that  can  be  given  to  the  lead  wall,  small  solid  impurities  of  the 
lead  cannot  easily  reach  through  the  whole  wall.  When  this 
happens  it  is  a  question  of  thorough  electric  testing  to  discover 
and  get  rid  of  such  faults  during  the  manufacture.  In  order  to 
do  this,  and  also  to  be  able  to  discover  the  first  occurrence  of 
faults  later  on  by  means  of  regular  electric  control  of  the  cable 
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system,  as  high  an  insulation  as  possible  of  the  cable  is  necessary, 
althoQgh  this  is  not  absolutely  essential  for  practical  use. 

The  objection  may  be  raised  against  the  construction  of  cable  in 
general  carried  out  by  the  firm  of  Siemens  &  Halske,  that  asphalted 
jute  as  a  separating  material  between  the  lead  and  iron  strip 
covering  could  in  the  course  of  time  lead  to  a  destruction  of  the 
lead  tube,  that  the  jute,  despite  its  saturation  with  asphalte  would 
decay,  and  give  occasion  to  the  formation  of  carbonate  and  acetate 
of  lead.  This  may  be  taken  into  account  by  the  use  of  asbestos 
instead  of  jute  fibre.  But  as  lengthy  experience  speaks  in  favour 
of  the  lasting  preservation  of  jute  fibre  soaked  with  asphalte,  it 
appears  that  the  use  of  the  costly  asbestos  fibre  may  be  dispensed 
with. 

It  may  be  further  alleged  as  a  disadvantage  of  the  system  of 
leaden  conductors  described  that  the  double  strip  iron-covering 
cannot  be  made  strong  enough  fully  to  guard  against  injuries  by 
workmen's  tools  in  the  streets  of  towns.  This  objection  must  be 
recognised  as  correct,  for  although  the  closed  iron  covering  is 
likely  to  be  pierced  in  some  few  cases  only,  it  is  yet  too  elastic 
and  pliable  to  prevent  in  all  cases  a  bending  through  and  a  crushing 
of  the  separating  fibrous  layer  between  the  copper  and  lead.  This 
necessitates  a  very  careful  supervision  of  all  excavations  in  the 
neighbourhood  of  cables,  and  a  further  external  protection  gainst 
violent  injury  at  dangerous  points  by  covering  the  cable  with  stone 
or  iron  plates,  or  by  laying  it  in  brick  conduits.  It  is  preferable 
to  fill  the  latter  with  sand,  to  maintain  the  cable  always  damp,  so 
that  faults  which  arise  can  immediately  be  observed. 
*  As  a  farther  objection  to  the  use  of  insulated  cables  for  the  con- 
ducting network  of  central  stations  for  the  supply  of  current  it 
may  further  be  alleged,  that  through  faulty  laying  of  the  network, 
or  in  its  use,  faults  can  easily  arise,  so  that  certain  parts  of  it  may 
be  heated  to  such  a  degree  that  the  insulation  of  the  conductor  is 
destroyed  thereby.  This  is  the  reason  why  gutta-percha,  and 
generally  substances  easily  sofiiened,  melted,  or  decomposed  by  rise 
of  temperature,  cannot  be  used  as  insulating  material  for  such 
conducting  networks.  The  lead  cable  recommends  itself  above  all 
other  underground  conductors,  since  it  can  bear  a  very  great  rise 
of  temperature  without  any  injury.  You  see  amongst  the  pieces 
of  cable  exhibited,  one  which  was  taken  from  the  Berlin  network 
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on  the  occasion  of  a  repair,  and  which  proved,  through  the  fusion 
of  parts  of  the  soil  with  the  jnte  covering  of  the  cable,  that  it  had 
been  very  highly  heated.  The  cable,  nevertheless,  insulates  per- 
fectly well.  It  may,  however,  be  imagined,  that  under  specially 
unfavourable  circumstances  the  heating  may  be  carried  so  far, 
that  the  jute  separating  the  copper  and  lead  may  become  carbo- 
nized, and  thereby  conductive,  or  that  products  of  distillation  may 
arise,  which  would  make  the  insulating  layer  conductive,  or  even 
destroy  it  by  mechanical  pressure.  On  these  grounds  an  under- 
ground conducting  network  requires  greater  care  as  regards  laying, 
control,  and  use,  than  an  overhead  line,  or  a  net  for  which  bare 
wires  are  carried  in  insulated  conduits. 

This  latter  system  is,  however,  only  applicable  for  currents  of 
low  tension,  and  even  for  these  only  under  certain  favourable 
circumstances.  In  populous  towns,  in  which  the  soil  under  the 
streets  has  already  been  in  frequent  demand,  it  will  only  seldom 
be  possible  to  arrange  accessible  and  always  dry  conduits  for  this 
purpose  ;  if  these,  like  the  Parisian  sewers,  have  not  been  carried 
out  in  earlier  times  for  other  puiposes.  Unfortunately,  the  modern 
great  towns  are  mostly  not  in  the  position  to  lay  such  a  system  of 
accessible  conduits  under  the  bed  of  the  street,  for  frequently,  as 
in  Berlin,  the  nature  of  the  soil  and  the  condition  of  surface- 
water  are  opposed  to  it,  and  also  water-mains  and  pipes  of  all 
kinds  render  this  exceedingly  difficult.  Probably  the  direction 
which  our  social  development  has  taken,  the  ever  increasing  con- 
centration of  men  in  great  business  centres,  make  it  an  absolute 
necessity  to  ease  the  street  traffic  by  a  second  upper  or  lower 
underground  route,  in  which  then  the  electric  conducting  network 
could  also  find  the  necessary  place.  Until  then  we  must  be  satisfied 
by  finding  necessary  room  in  our  street*  surface,  already  fully  taken 
up,  in  order  to  bury  insulated  conductors,  with  as  good  protection 
as  possible  against  external  injuries. 

This  is  what  I  had  directly  to  communicate  to  you.  I  have 
preferred  to  read  it,  as  many  statements,  even  imputations,  if 
you  will,  are  to  be  found  in  it,  which  make  an  exact  rendering 
necessary.  It  is  hoped,  as  has  been  said,  that  the  absolutely 
unprecedented  judgment,  which  an  English  engineer  of  high 
standing,  without  having  perfectly  informed  himself,  gave  before 
the  first  and  oldest  society  of  electrical  engineers  in  the  world. 
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will  become  widely  kno\iii.  I  have  myself  introduced  him  here 
to  the  gentlemen  of  the  AUgemeine  Electricitats  Gesellschaft ;  he 
has,  however,  not  called  on  me.  It  would,  however,  have  been 
easy  for  him  to  obtain  more  precise  information,  especially  when 
he  had  formed  so  unfavourable  an  opinion.  I  confess  that  this  is 
a  polemical  address,  which  has  something  of  a  business  back- 
ground ;  but  I  think,  gentlemen,  that  we  can,  and  must,  learn 
one  thing  from  the  English  :  carefully  to  defend  our  rights,  and 
especially  against  such  foreign  unconsidered  remarks,  and  I  hope 
that  the  Institution  of  Electrical  Engineers  in  London  will  not 
refuse  this  address  admission  in  the  columns  of  its  Journal. 

I  have  placed  some  samples  of  cable  here,  which  are,  perhaps,  in 
so  &r  specially  interesting,  that  they  show  the  special  destruction 
which  takes  place ;  I  have  not  brought  the  large  heavy  pieces. 
Such  disturbances  have  taken  place,  as  stated ;  at  these  points  the 
neighbouring  cables  have  naturally  also  been  attacked,  so  that 
quite  a  number  of  injuries  have  occurred.  I  have  also  placed,  for 
those  gentlemen  interested  in  them  (as  we  are  dealing  with  a 
question  of  cables),  cable  samples  of  different  sizes,  and  those  for 
low,  high,  and  medium  tension,  so  that  you  may  have  here  a 
general  view  of  the  system  of  conductors  carried  out  by  us.  I  do 
not  wish. to  assert  that  equally  good  permanent  lead  cables  cannot 
be  produced  in  other  ways.  I  had,  however,  in  the  face  of  this 
decidedly  condemnatory  judgment  of  the  English  engineer,  Forbes, 
to  show  the  reasons  which  have  enabled  us  to  make  better  cables, 
and  such  as  do  not  possess  the  faults  observed  by  him  in  England, 
that  they  only  last  three  years,  and  I  beg  you  to  consider  my 
communication  from  this  point  of  view. 


IMPROVEMENTS    IN    THE    ELECTROLYTIC 
EXTRACTION  OF  COPPER  AND  ZINC* 

In  the  process  for  the  electrolytic  extraction  of  copper  or  zinc, 
protected  by  patent  No.  42,248,t  the  electrolyte  consisting  of  a 

•  (German  Patent,  No.  48,959,  of  3rd  Januai-y,  1889,  addition  to  Patent, 
No.  42,243.) 
t  P.  504. 
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solution  of  copper  sulphate  and  ferrous  sulphate  is  passed  through 
cells,  which  are  divided  by  conducting  membranes  into  separate 
cathode  and  anode  divisions,  this  being  effected  in  such  a  way  that 
the  liquid  first  traverses  all  the  cathode  divisions  one  after  another, 
when  by  means  of  the  current  a  great  part  of  the  copper  sulphate 
is  decomposed,  and  the  copper  is  deposited  on  the  cathode  plate, 
and  then  passes  all  the  anode  divisions  in  snccession,  so  that  by 
the  action  of  the  current  the  ferrous  oxide  is  oxidized  into  ferric 
oxide  at  the  insoluble  anode  surfaces.  The  liquid  deprived  of  its 
copper,  and  now  containing  ferric  sulphate  instead  of  ferrous  sul- 
phate, is  afterwards  again  mixed  with  powdered  roasted  or  unroasted 
ore,  and  then  is  enabled  again  to  dissolve  copper  from  the  sulphur 
ores,  with  the  formation  of  copper  sulphate,  and  simultaneously  a 
reformation  of  ferric  into  ferrous  sulphate. 

The  subject  of  the  present  patent  of  addition  refers  to  improve- 
ments both  in  the  arrangements  for  dissolving  the  copper  or  zinc 
from  the  powdered  ore  as  well  as  in  the  decomposition  cells, 
whereby  the  whole  of  the  chemical  and  electrolytic  processes  are 
accelerated  and  made  reliable. 

The  solution  of  the  metal  by  means  of  the  oxidized  liquid  de- 
prived of  its  copper  took  place  formerly  in  filter  vessels  which 
were  filled  with  powdered  ore,  and  through  which  the  liquid  con- 
taining the  ferrous  sulphate  was  again  allowed  to  pass,  or  in  reser- 
voirs or  vats  with  stirring  apparatus,  or  in  rotating  drums,  in 
which  the  liquid  with  the  powdered  ore  was  maintained  for  a  long 
time  in  motion.  Instead  of  these  separate  discontinuously  work- 
ing arrangements  we  make  use  of  narrow  and  shallow  but  long 
channels  of  wood  or  other  suitable  material  which  are  provided 
along  their  whole  length  with  shafts  fitted  with  blades  rotating  in 
opposite  directions.  These  shafts  with  radial  arms  or  blades  are 
tamed  in  opposite  directions  the  one  to  the  other,  and  thus  keep 
the  liquid  filling  the  channels  in  rotatory  motion  in  a  transverse 
direction  to  the  channel.  The  powdered  ore  introduced  together 
with  the  liquid  is  thus  kept  in  suspension  without  being  moved  in 
the  direction  of  the  length  of  the  channel  or  trough.  Such  longi- 
tudinal movement  only  occurs  in  consequence  of  the  continuous 
introduction  of  the  liquid  at  one  end  and  its  outflow  at  the  other, 
thus  the  duration  of  the  action  of  the  oxidized  lye  on  the  powdered 
ore  is  regulated  at  will  by  the  amount  of  the  supply  of  new  liquid. 
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Ab  for  the  perfect  solation  of  the  uetal  a  beating  of  the  liqaid 
is  sometimes  necessary,  this  can  be  eUbctcd  by  one  or  more  steam 
pipes  of  copper  or  lead,  which  traverse 
Fig.  197.  the  whole  channel  or  a  portion  of  it. 

In   the   accompanying   drawiDgs  the 
extraction  cell  is  shown   in  section  in 
Fig.  107,  whilst  Fig.  IDS  gives  a  plan 
of  the  whole  channel  system.    In  this 
arrangement,  in  order  to  save  space,  the 
channel  is  arranged   in  zig-zag  shape. 
The  walls,  T,  of  the  channel  are  of  wood, 
and  in  order  to  make  them  tight  they 
are  covered  outside  with  sheet  lead.  The 
shafts.  A,  provided  with  the  paddles,  8, 
are  rotated  in  opposite  directions  by  means  of  crossed  water- 
proof cords.     The   copper  heating   pipe,  D,  traverses  all   the 
divisions  of  the  channel  and  makes  it  possible  to  raise  the  tempe- 
rature to  the  desired  degree. 
The  electrolytic  decomposition  cells  hitherto  nsed,  which  are 


separated  by  membranes  into  positive  and  negative  compartments, 
suffer  from  the  known  disadvantages  of  separating  membranes  for 
electrolytic  operations.  The  membranea  have  either  too  great  a 
conductive  resistance  or  they  are  not  durable  enough,  stretch,  and 
permit  the  passage  of  the  liquid  by  difFuaion  or  leakage.  In  Pig_ 
10!)  a  decomposition  cell  is  represented  in  section  and  plan  to 
which  these  disadvantages  do  not  apply. 
A  flat  vessel^of  wood  with  an  external  covering  of  sheet  lead  or 


WERNER    VON   H/EAfENS. 


557 


of  some  other  Buitable  material  is  provided  with  a  false  bottom, 
L,  with  perforations  on  which  the  anode  K,  rests.  This  may 
consist  of  properly  placed  and  condnctively  connected  plates  of 
Ktort  carbon,  or  of  lead  plates  with  holes  in  them,  which  are 

Fig.  IBS. 
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covered  with  retort  carbon  in  small  pieces,  or  finally  of  deeply 
oomigated  sheet  lead,  with  holes  for  the  outflow  of  the  liquid. 
Above  the  horizontal  anodes  thns  formed  and  provided  with  insu- 
lating connections,  a  filter-layer,  R,  is  arraaged  for  the  purpose  of 
preventing  currents  in  the  liquid  covering  and  touching  the 
anodes.    This  filter  can  be  formed  of  felt  or  other  organic  or 
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inorganic  substance.  The  surfaces  of  the  cylinders,  A„  A„  A„  A4, 
serve  as  kathodes,  which  are  entirely  covered  by  the  electrolyte 
and  are  continually  slowly  turned  round  by  waterproof  cords. 
These  shafts  can  be  formed  with  a  core  of  wood,  which  is  covered 
with  wax,  cement,  or  such  like,  and  then  covered  with  a  conduct- 
ing coating  to  which  latter  the  current  is  led  through  the  copper 
gudgeons  in  a  suitable  manner. 

The  regenerated  electrolytic  liquid,  consisting  of  solutions  of 
copper  sulphate  and  iron  sulphate,  is  led  in  a  continuous  stream 
frequently  subdivided  to  the  liquid  covering  the  rollers.  The 
turning  of  the  rollers  effects  the  continuous  mixture  of  the 
whole  of  the  liquid  down  to  the  filter  covering  the  anode.  As 
just  so  much  liquid  always  flows  through  the  tube  u,  from  the 
space  under  the  double  bottom  as  flows  above  at  c,  a  steady  flow 
of  the  electrolyte  takes  place  through  the  filter  to  the  anode.  At 
the  latter  the  ferrous  oxide  of  the  ferrous  sulphate  is  again  oxidized 
to  ferric  oxide  by  the  liberated  oxygen,  in  consequence  of  which 
the  oxidized  portions,  on  account  of  increased  specific  weight,  fall 
to  the  bottom  and  are  then  carried  away,  so  that  by  a  proper 
regulation  of  the  flow  of  the  strength  of  current  and  of  the  amount 
of  copper  and  iron  in  solution,  the  result  of  the  process  is  that  the 
electrolyte  loses  in  the  upper  pait  of  the  cell  about  two-thirds  of 
its  contents  in  copper,  whilst  in  the  anode  division  the  whole  of 
the  ferrous  sulphate  is  changed  into  ferric  sulphate.  This  latter 
as  it  flows  off  is  continuously  led  again  into  the  channel  apparatus 
with  the  addition  of  the  necessary  powdered  ore  and  traverses  the 
apparatus  anew. 

Patent-Claims. 

In  the  process  claimed  in  patent  42,243  : — 

1.  The  solution  of  the  metal  from  the  powdered  ore  in  channel- 
shaped  stirring  vats  by  which  the  powder  is  kept  suspended,  so 
that  it  slowly  and  continuously  traverses  the  whole  channel  to- 
gether with  the  liquid. 

2.  The  arrangement  of  horizontal  decomposition  cells  with 
anode  plates  or  rods  of  retort  coke  or  corrugated  lead  plates  at  the 
bottom,  and  with  rotating  cylinders  as  kathodes  in  the  kathode 
liquid  separated  by  a  filter  from  the  anode  liquid. 
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IMPROVEMENTS  IN  THE  APPARATUS  FOR  THE 
MEASUREMENT  AND  SUMMATION  OF  THE 
ENERGY  PASSING  THROUGH  A  CONDUCTOR  IN 
CONTINUOUS  OR  ALTERNATING  CURRENTS. 
PROTECTED  UNDER  GERMAN  PATENT,  No.  60,623  * 

The  apparatus  described  iu  the  following,  and  represented  in 
the  accompanying  figures,  constitutes  an  improvement  .on  the 
constrnction  described  in  the  main  patent,  No.  50,623,  and  has 
the  object  of  making  the  accuracy  of  the  measurement  indepen- 
dent of  any  magnetic  masses  outside  the  apparatus,  or  designedly 
brought  near  it.  In  the  construction  described  in  the  main 
patent  it  is  possible  by  approaching  a  magnet  outside  the  appa- 
ratus to  influence  the  core  a  attracted  by  the  solenoids  hy  as  well 
as  the  rotatable  solenoid  S^,  and  thus  to  cause  the  latter,  by  moving 
the  pointer  d^  to  give  an  inexact  measurement  and  summation  of 
the  electric  energy. 

In  order  to  remove  this  inconvenience,  the  energy  meter 
described  in  the  main  patent  is  altered  in  such  a  way  that,  instead 
of  one  rotatable  solenoid  two  or  more  of  them  are  used,  which  are 
fixed  to  a  common  axle,  and  have  alternating  opposite  polarities, 
so  that  a  magnet  approached  to  the  apparatus  from  without  acts 
attractively  on  one  half  of  the  solenoid,  and  on  the  other  half  on 
the  contrary,  repulsively,  so  that  no  rotation  of  the  axis  carrying 
this  solenoid  can  take  place. 

In  the  accompanying  drawings  Fig.  200  represents  in  side  view 
and  plan,  and  partly  in  section,  the  solenoids  serving  to  stop  the 
pointer  fixed  to  a  common  axis,  and  shows  in  longitudinal  section,^ 
as  well  as  in  plan,  the  method  of  suspension  and  current-carrying 
for  one  of  these  solenoids. 

In  Fig.  201  is  represented  a  special  construction  of  the  driving 
arrangements  for  the  counter,  which  difiers  so  far  materially  from 
the  arrangement  described  in  the  main  patent,  that  in  this  case 
the  lover  g  there  mentioned  acts  upon  the  counter,  not  during  its 
forward  motion,  but  only  during  its  backward  motion,  therefore^ 

♦  (German  Patent,  No.  57,786,  of  16th  August,  1890  ;  addition  to  Patent 
No.  50,623.) 
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after  its  contact  with  the  pointer  d.     Fig.  203  serves  to  show  a 
special  way  of  suspending  the  rotatable  solenoid,  and  Fig.  202 
shows  a  dial  for  the  readings  in  ampere  hours, 
a  is  a  fixed  strip  of  copper,  or  other  metal,  rigidly  connected 
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A¥ith  the  case  of  the  measuring  apparatus,  which,  as  shown  iu 
Fig.  200,  is  so  bent  into  several  windings  lying  above  one  another, 
and  alternately  running  in  opposite  directions,  that  it  acts  as  a 
solenoid,  and  surrounds  the  rotatable  solenoids  hh  cc,  and  leaves  a 
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suflScientlj  large  intervening  space  between  its  individaal  wind- 
ings, so  that  the  rotatable  solenoids  can  move  freely  between  the 
windings  of  this  metal  strip  a.  Each  pair  of  solenoids  h  e^  sitnated 
on  opposite  sides  of  the  axis  D,  possess  opposite  polarity,  and  the 
solenoids  situated  on  one  and  the  same  side  of  this  axis  equally 
possess  alternate  opposite  polarity,  so  that  the  turning  moments 
exerted  by  all  the  solenoids  on  sending  a  current  through  are  sum- 
mated.  In  order  to  render  an  absolutely  frictionless  turning  of  the 
solenoids  bb  cc  possible,  the  mode  of  suspension  represented  in 
Fig.  200  is  chosen,  which  consists  in  these  solenoids  being  fixed  to 
a  hollow  axis  D  hanging  to  a  thread  Sy  so  that  there  is  no  friction 
in  bearings  ;  but  all  that  has  to  be  overcome  by  the  rotation  of 
the  solenoid  is  the  torsion  of  this  thread  s.  The  thread  8  is  prefer- 
ably made  of  platinum,  and  is  fixed  on  the  one  side  at  h  to  the 
bearer  1,  on  the  other  side  at  /  to  the  lower  portion  of  the  hollow 
axis  D  ;  0  is  a  pin,  which  projects  in  a  hole  of  the  block  jt?  rigidly 
connected  with  the  measuring  apparatus,  and  serves  for  the 
purpose  of  maintaining  the  axis  D  always  in  the  same  position. 
In  order  to  render  possible  the  passage  of  the  current  to  the  rotat- 
able solenoids  a  spring  k  is  provided,  which  is  in  conductive 
connection  on  the  one  hand  with  the  lead  8,  and  on  the  other  with 
a  sleeve  q  fixed  to  the  axis  D,  but  insulated  from  it,  and  commu- 
nicates the  current  passed  through  the  conductor  8  to  the  solenoids 
bbce  connected  in  series.  From  the  upper  solenoid  c  the  current 
flows  back  again  to  the  axis  D,  and  from  here  through  the  wire  8 
to  the  bearing  i  and  the  conductor  4. 

In  Fig.  201  is  shown  a  frame  Qa  firmly  screwed  to  the  tripod  A, 
provided  with  levelling  screws  ss,  which  serves  to  carry  the  mecha- 
nism intended  for  the  regular  motion  of  the  eccentric  axis  «, 
which  latter  is  here  only  indicated,  and  the  motion  of  which  ig 
regulated  in  the  usual  way  by  a  balance. 

On  the  upper  frame-plate  is  a  circular-shaped  angle-piece  indi- 
cated by  WW,  which  is  provided  with  ampere  divisions.  This 
angle  is  intended  to  prevent  the  bending  of  the  pointer  d  when  it 
touches  the  swinging  lever  g  on  the  oblique  plane  v,  and  thereby 
incorrect  counting,  as  a  slight  touch  between  this  lever  and  the 
pointer  is  sufiicient  to  depress  the  latter  by  the  pressure  of  the 
lever  g  on  the  inclined  plane  Vi,  when  a  point  fixed  to  this  pointer 
at  tt  is  stopped  by  the  rough  surface  of  the  angle-piece  W.    The 
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tx)imter  Z  indicating  the  current  consumed  is  constructed  similarly 
to  those  used  for  water-meters,  and  its  construction  may  be  taken 
^&  understood.  This  is  also  supported  by  the  bridge  B  fixed  by 
the  pillars  PP  to  the  upper  frame-plate. 

The  axis  oi^  is  pivoted  below  in  the  frame-plate,  and  above  in 
the  angle-piece  w  I'esting  on  the  upper  plate,  and  carries  above  the 
upper  frame-plate  the  two-armed  lever  H,  of  which  the  arm  bent 
upwards  serves  for  attaching  the  spiral  spring  y,  and  is  provided 
at  the  side  with  a  support  s/.    The  other  straight  fork-shaped  arm 

Fig.  202. 


•of  the  lever  H  is  regularly  moved  forward  and  backward  by  the 
eccentric  axis  o^  Above  the  axis  a^  the  axis  x^  is  pivoted  in  the 
angle-piece  W  and  the  bridge-piece  B.  Above  this  is  the  wheel  R, 
provided  with  fine  teeth,  resting  on  a  short  axis,  and  connected 
with  the  pinion  T  gearing  in  the  counter. 

On  the  axis  iS,  is  a  two-armed  lever  E,  which  is  provided  in  the 
centre  with  a  bush  G  for  fixing  the  spiral  spring  y.  The  straight 
end  of  this  lever  carries  the  arm  ^,  whilst  the  other  end  bent  at  a 
right  angle  at  its  upper  part  carries  the  blade-spring  F  gearing  in 
the  wheel  S. 

So  long  as  the  arm  g  finds  no  resistance,  the  lever  E,  in  conse- 
*quence  of  the  tension  exerted  by  the  spring  y^  follows  the  motion 
of  the  lever  U,  brought  about  by  the  eccentric  axis  x.  In  the 
position  shown,  the  lever  H  would  move,  for  example,  in  the 
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direction  of  the  arrow,  and  as  the  tension  of  the  spring  y  i» 
stronger  than  the  friction  of  the  spring  F,  this  latter  wonld  slide- 
nn  the  wheel  R  stopped  by  the  spring  F,  until  the  lever  g- 
was  resisted  by  the  pointer  d.  If  one  asenmes,  for  instance,  that 
the  axis  x  turns  in  the  opposite  direction  to  the  hands  of  a  clocks 
the  eccentric  pin  S,  actnating  the  lever  H  would  pass  from  the- 
position  represented  in  Fig.  201  byothrongh  the  points  |8  7  3,  and 
then  return  to  its  original  position.  If  one  further  sappoees  that 
the  front  end  (the  sloping  surface  v)  of  the  pointer  d  actnated  by 

Kg.  203. 


the  rotatable  solenoids  (&  cc  is  at  each  a  distance  from  the  arm  g  in 
its  position  of  rest,  that  a  motion  of  the  pin  3i  from  o  to  (3  wonld 
be  sufficient  to  bring  the  arm  ij  into  contact  with  the  pointer  rf, 
then  on  further  rotation  of  the  pin  3,  from  |3  to-yno  motion  of  the 
arm  g  would  follow,  and  when  the  pin  S,  moves  from  7  to  8,  the 
arm  g  would  equally  remain  in  its  former  position,  i.e.,  touching 
the  pointer  d,  and  only  a  gradual  releasing  of  the  previously 
stretcbed  spring  y  would  take  place.  Finally,  by  a  further 
turning  of  the  pin  from  d  to  a  the  stop  Sf  strikes  against  the  lever 
E  and  moves  the  arm  g  backwards,  when  aimnltaneonsly  the 
toothed  wheel  R  of  the  counter  is  set  in  motion  by  the  spring.  F. 
The  paths  a  to  ;3  and  J  to  a  are  naturally  equal,  and  it  follows  that 
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the  wheel  S  is  turned  through  the  same  angle  by  the  backward 
motion  of  the  arm  g^  as  if  the  arm  g  during  its  forward  motion 
•acted  on  the  counter.  This  motion  of  the  wheel  is  so  transmitted 
by  the  pinion  T  to  the  counter,  that  the  consumption  of  current  for 
the  duration  of  one  revolution  of  the  axis  x  corresponding  to  the 
|)06ition  of  the  pointer  d  is  shown  on  the  dial. 

In  Fig.  203  metallic  pieces  are  indicated  by  m,  and  on  the  other 
hand  insulating  construction  pieces  by  n.  p  is  the  base-plate 
resting  on  the  tripod  A,  on  which  the  low  resistance  solenoid,  con- 
■sisting  of  copper  strips  a,  and  the  collars  m^  and  n^  are  fastened, 
insulated  by  bolts  and  nuts.  At  /^  is  the  beginning  and  ending 
of  the  solenoid  windings ;  the  outer  connections  are  effected  by 
means  of  the  nuts  /^  The  wire  bobbins,  made  of  insulating 
material,  for  the  fine  windings  are  held  together  by  the  metal 
crosses  m^  by  means  of  the  screws  and  intermediate  pieces  r ;  these 
bobbins  are  firmly  connected  with  the  hollow  axis  D.  0?er  the' 
cipper  binding-piece  r  the  collar  q^  insulated  from  the  axis  D,  is 
firmly  clamped  to  it,  and  serves  for  the  further  joining  up  of  the 
connection  coming  from  the  case  h  by  means  of  the  spring  k.  The 
other  end  of  the  windings  of  the  swinging  solenoid  is  led  from  the 
casing  c  to  the  metal  cross-piece  m^,  and  thus  through  the  axis  D 
and  the  suspension  wire  8  to  the  angle  piece  t. 

The  manner  of  action  of  the  above  described  construction  of 
moving  solenoids  is  the  following  : — 

If  the  rotatable  solenoids  hh  cc  connected  in  series  are  of  alter- 
nately opposite  polarity,  and  at  the  same  time  the  windings 
surrounding  the  solenoids  are  traversed  by  a  current,  the  solenoids 
bb  ce  suffer  a  deflection  in  such  a  way  that  the  solenoids  bb  on  the 
one  side  of  the  axis  D  are  rotated  by  the  windings  of  the  strip  a 
in  one  direction,  whilst  the  solenoids  cc  are  rotated  on  the  con- 
trary in  the  other  direction,  so  that  hence  the  pointer  d  firmly 
connected  with  the  axis  D  experiences  an  angular  deflection,  which 
bears  a  determined  proportion  to  the  electric  energy  to  be  measured 
By  this  angular  motion  of  the  pointer  d,  as  is  already  described  in 
the  main  patent,  the  motion  of  the  lever  g  is  limited  correspond- 
ingly to  the  quantity  of  current  traversing  the  conductors  1,  2  at 
the  moment,  and  by  the  transmission  of  this  motion  to  a  counter 
the  energy  is  indicated  which  has  passed  through  the  conductor 
«  determined  interval  of  time. 
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In  the  apparatos  protected  by  patent  50,623  for  the  measure^ 
ment  and  summation  of  electric  energy,  by  which  the  angles  oF 
rotation  of  a  suitably  formed  lev^er  are  summed  up,  which  is 
rotated  at  determined  intervals  of  time,  until  it  makes  contact 
with  a  pointer  determined  in  its  position  by  the  electric  enei'gy 
existing  at  each  moment ;  the  construction  of  a  fixed  solenoid  a 
consisting  of  many  windings  lying  above  one  another  and  running 
alternately  in  opposite  directions,  which  surrounds  two  or  more 
solenoids  hh  cc  of  alternately  opposite  polarity  suspended  so  as  to 
move  between  these  windings,  and  by  the  deflection  of  which  the 
pointer  d  actuating  the  counter  is  placed  in  positions  correspond- 
ing to  the  electric  energy  consumed  at  every  moment,  without  the 
deflection  of  this  rotatable  solenoid  being  influenced  by  any  magnet 
or  magnetic  masses  brought  outside  the  apparatus. 
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POSITIVE  PROPOSALS  FOR  A  PATENT  LAW. 

Memorial  of  the  Council  of  Elders  of  the  Berlin  Merchants 
TO  the  Royal  Prussian  Minister  for  Commerce,  Trade,  and 
Public  Works.* 

Your  Excellency  has  invited  us  by  your  decree  of  the  6th  August, 
1863,  to  a  detailed  expert  expression  of  opinion  on  the  question 
^*  Whether,  having  regard  to  the  present  condition  of  industry  there 
is  now  any  need  of  the  stimulation  of  the  genius  for  invention 
aimed  at  by  the  grant  of  patents  since  the  Prussian  system  of  patent 
legislation  as  well  as  those  of  other  lands  were  accompanied  by 
important  disadvantages."  As  representatives  of  a  corporation,  which 
comprises  in  itself  equally  important  commercial  and  industrial 
interests,  we  have  endeavoured  to  examine  the  proposed  question  in  a 
thorough  and  unprejudiced  manner,  and  we  have  the  honour  in  what 
follows  to  submit  the  result  of  our  careful  consideration. 

Many  points  of  view  may  be  taken  in  answering  the  question  ;  that 
standpoint  from  which  the  granting  of  patents  is  generally  defended, 
which  has  on  the  other  hand  been  assailed  especially  in  recent  times, 
is  that  of  the  moral  title  of  the  inventor  to  the  protection  of  his 
intellectual  property.  It  can  certainly  not  be  contested  that  this  way 
of  looking  at  it  has  a  certain  right  about  it.  If  in  the  State  generally 
products  of  intellectual  activity,  as  for  instance  works  of  art, 
writings,  etc.,  are  protected  in  favour  of  the  author  in  preference  to 
unauthorized  reproduction,  and  thereby  a  certain  kind  of  restriction 
is  imposed  on  the  whole  community,  the  demand  is  not  unreasonable, 
that  this  protection  should  be  extended  as  far  as  poesible  to  all 
provinces  of  intellectual  production  ;  that  therefore,  especially  inven- 
tions in  the  province  of  science,  which  equaUy  with  literary  or 
artistic  work  are  valuable  in  a  certain  measure  as  an  accumulation 
of  work  bestowed,  are  not  only  to  be  considered,  but  also  to  be 
treated  as  actual  property  of  the  inventor.  Indeed,  technical  inven- 
tions have  without  doubt  a  much  greater  right  to  protection,  because 

*  (Annals  of  the  North  German  Confederation  and  of  the  German 
Customs  Union,  1 869,  pj  41. )    1863. 
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as  a  role  they  depend  on  costly  experiments,  or  at  least  require  them 
for  their  practical  carrying  out,  and  in  this  sense  are  to  be  equally 
considered  as  an  accumulation  of  capital  and  labour. 

Nevertheless  we  do  not  consider  we  are  called  upon  to  take  upon 
ourselves  the  decision  of  the  question  in  this  sense.  It  might  even  be 
considered  doubtful  whether  the  arguments  resting  on  the  basis  of 
moral  right  are  quite  decisive.  The  interest  of  the  community  forms 
the  highest  law  to  which  individual  interests  must  give  way.  If  it 
could  be  shewn  that  the  general  good  was  helped  by  the  abolition  of 
patents  for  invention,  then  inventors  would  have  to  devote  their 
powers  to  other  work  offering  I>etter  reward,  if  they  are  not  willing  to 
be  satisfied  with  the  advantages  which  may  possibly  accrue  to  them 
without  patent  protection.  We  therefore  consider  it  more  suitable  to 
limit  ourselves  entirely  to  examining  and  answering  the  question 
whether  it  is  advantageous  or  not  for  the  progress  and  further  exten- 
sion of  induf^try,  as  well  as  of  commerce  inseparably  connected  with  it 
through  its  interests,  if  an  exclusive  right  of  possession  is  given  to 
inventors  for  their  inventions. 

It  cannot  be  denied  that  patents  for  invention  constitute  a  restriction 
of  industry  and  commerce,  and  in  certain  cases  u  bunlen  for  the  whole 
consuming  and  producing  public ;  this  burden  is  so  much  the  greater 
the  further  the  patent  protection  extends,  and  the  more  easily  it  is  to 
be  obtained  the  longer  the  great  mass  of  unimportant  and  useless 
patents  continues  in  legal  force,  finally  and  especially  the  more 
difficult  it  is  made  to  the  public  by  the  granting  of  a  patent  to 
discover  what  is  legally  patented  and  what  is  not  On  the  other 
hand,  however,  the  phenomenon  that  the  rapid  extension  of  industry 
in  all  ages  and  lands  coincides  with  the  extension  of  patent  legislation, 
is  of  sufficient  weight  not  to  abolish  the  principle  of  patent  protection 
with  some  customary  but  by  no  means  decisive  phrases,  for  the  reason 
that  patents  are  no  doubt  a  burden  for  the  public 

If  patent  protection  is  considered  only  from  the  standpoint  of  the 
Prussian,  and  generally  of  the  Zollverein  legislation,  it  is  then 
certainly  difficult  to  recognize  a  causal  connection  between  both 
developments.  The  Prussian  and  Zollverein  patent  legislation, 
although  much  younger  than  that  of  the  other  great  industrial 
States,  has  yet  restored  to  the  patent  for  invention  its  original 
character,  that  of  a  privilege  which  is  accorded  as  a  grace  to  the 
inventor,  as  a  reward  for  his  service  rendered  by  the  invention.  The 
invention  is  kept  secret  in  the  interest  of  the  inventor  to  be  recom- 
pensed, and  only  its  title  is  published  as  a  warning  to  those  likely  to 
infringe  it.  All  those  carrying  on  trades  are  as  r^ards  these  patents 
in  a  truly  hopeless  condition,  if  they  wish  to  improve  their  business. 
If  their  improvement  corresponds  with  the  title  of  a  patent  that  has 
been  granted,  this  continually  hangs  over  their  head  like  the  sword  of 
Damocles^  because  it  gives  them  no  means  of  learning  the  contents  of 
the  patent  specification.     It  necessitates  a  detailed  memorial  to  the 
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Imperial  minister  of  commerce  in  order  to  learn  after  the  lapse  of  a 
long  time  whether  the  improvement  introduced  constitutes  an  infringe- 
ment of  an  existing  patent  or  not.  In  any  case  they  run  the  risk  of 
falling  into  vexatious  conflict  with  the  patentee,  and  having  to  expend 
much  trouble  as  well  as  money.  It  may  be  considered  fortunate  for 
home  industry  that  such  secretly  kept  patents  are  only  granted  in 
•comparatively  small  numbers,  as  the  technical  officials,  on  whose 
subjective  pleasure  the  grant  of  a  patent  depends  without  any  control, 
^re  only  disposed  to  do  so  in  comparatively  few  cases.  The  keeping 
secret  of  Prussian  patents  is,  however,  also  connected  with  other 
'dieadvantages  which  restrict  the  progress  of  industry.  As  a  royal 
official  only  gives  patents  for  such  inventions  as  he  considers  worthy  of 
this  favour,  it  is  natural  that  the  public  should  have  the  impression 
that  all  patented  inventions  are  of  great  use  and  value,  an  impression 
which  is  generally  followed  later  by  the  bitterest  disappointment.. 
If,  moreover,  the  inventor  has  fulfilled  the  easily  realisable  conditions 
of  proving  how  to  carry  out  the  invention,  still  the  patent  remains 
unhindered  in  force,  notwithstanding  that  it  never  comes  into  use  and 
brings  not  the  slightest  advantage  to  the  inventor  to  be  rewarded 
through  it  up  to  its  expiration,  together  with  the  complete  stoppage 
and  disturbance  of  the  manufacturing  public  Thus  even  in  the  most 
fortunate  cases  the  benefit  which  the  inventor  can  derive  from  a 
Prussian  patent  is  almost  always  entirely  imaginary.  For  one  thing 
the  duration  of  the  patent,  generally  five  years,  which  depends  altogether 
on  the  uncontrolled  will  of  the  technical  commission,  is  almost  always 
too  short,  at  least  as  regards  important  inventions,  to  bring  them  into 
extensive  application  and  to  make  them  generally  adopted.  The 
inventor,  moreover,  does  not  possess  a  secure  legal  protection,  as  the 
judgment  whether  an  infringement  of  his  rights  has  taken  place  or  not, 
again  devolves  on  the  quite  arbitrary  decision  of  the  same  technical 
commission.  Finally,  in  the  great  majority  of  cases,  the  circumstance 
that  the  introduction  of  patented  articles  from  other  Zollverein  States 
cannot  be  prevented,  renders  a  Prussian  patent  almost  worthless  to  the 
possessor.  Therefore  with  respect  to  patents  in  Prussia  and  the 
Zollverein  States  one  can  only  agree  in  the  general  judgment  that  they 
constitute  a  great  obstacle  to  the  home  trade  without  bringing  it 
the  least  benefit,  and  they  are  of  equally  little  advantage  to  the 
inventors,  they  therefore  do  not  prevent  them  from  depriving  the 
fatherland  of  their  ideas,  their  labour  and  their  capital,  and  from 
carrying  them  to  the  paying  English  or  French  market. 

If  it-  were  only  a  question  whether  the  Prussian  patent  law  in  its 
present  condition  should  be  maintained  or  not,  we  should  not  hesitate 
a  moment  to  declare  for  its  complete  repeal. 

But  the  question  assumes  quite  a  diftei'ent  appearance  if  one  takes 
9k  view  of  the  patent  legislation  of  all  other  important  industrial  States. 

As  is  known,  the  English  parliament  determined,  when  at  the 
commencement  of  the  seventeenth  century  it  abolished  the  mischief  of 
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})er8onal  monopoly  which  had  risen  to  an  unbearable  height  undeF 
James  I.,  that  in  future  monopolies  should  only  be  granted  for 
inventions,  and  then  only  on  the  condition  that  the  latter  should  be 
disclosed.  This  condition  of  the  publication  of  the  things  patented 
has  been  introduced  into  the  patent  legislation  of  all  other  great  States 
with  the  solitary  exceptions  of  Prussia  and  Bussia,  and  has  evidently 
contributed  in  a  very  marked  degree  to  the  rapid  progress  of  industry 
which  commenced  at  that  time.  In  fact  one  only  needs  to  look  over 
the  list  of  contents  of  English  patents  to  convince  oneself  that  an 
abundance  of  fruitful  ideas  of  immeasurable  value  to  mankind  has 
been  supplied  through  this  channel.  Even  at  the  present  day  the 
specifications  of  English,  American,  French  and  Austrian  patents 
form  almost  the  sole  source  from  which  the  technical  journals  of  all 
countries  obtain  their  material,  even  at  the  present  day  the  diffusion 
of  new  ideas  by  means  of  publication  of  patents  is  the  one 
driving  wheel  which  maintains  the  industry  of  all  countries  in  its 
rapid  progress.  That  solitary  countries  like  Switzerland  without 
jiatent  laws,  that  Prunsia  with  its  patent  legislation  equally  hostile  to 
industrial  advance,  notwithstanding  the  want  or  at  least  insufficiency 
of  patent  protection,  enjoy  a  similar  industrial  development  as  those 
older  industrial  States,  is  explained  by  the  fact  that  the  patent 
publications  have  been  at  their  command  as  in  general  at  that  of  the 
M'hole  world,  and  cannot  be  cited  as  proof  against  the  immeasurable 
l>eneflt  which  patents  have  afforded,  and  in  equal  measure  afford  at  the 
present  time. 

The  (juestion,  however,  has  been  raised  whether  patents,  which 
have  evidently  greatly  assisted  in  the  development  of  industry,  as  in 
earlier  times  guild  and  special  privileges  did,  are  necessary  now  that 
industry  has  attained  its  present  height,  and  have  not  become 
superfluous  through  competition  and  easy  communication.  It  has 
been  specially  noted  that  in  England  itself,  the  cradle  of  patent 
le^^Lslation,  a  movement  has  begun,  which  has  their  repeal  as  its 
object. 

If  one  allows — and  one  must,  if  one  is  not  to  deny  circumstances 
founded  on  fact — that  the  uninterrupted  industrial  progress  at  the 
present  time  is  the  indispensable  condition  of  the  growth -of  industry 
and  commerce,  if  it  is  conceded  further  that  quick  diffusion  of  all 
ideas  and  discoveries,  even  the  so-called  impracticable  and  inapplicable^ 
and  therefore  not  directly  useful,  is  the  most  powerful  motive  spring 
which  drives  the  world  forward,  the  question  is  then  thus  restricted  : 
are  there  moix;  simple  and  less  troublesome  means  of  prompting  the 
authors  of  inventions  to  publish  them  immediately  and  fully,  and  so  to 
make  the  new  thoughts  lying  in  them  advantageous  for  the  general 
good  ]     This  question  must  be  absolutely  answered  in  the  negative. 

Every  inventor  naturally  wishes  and  desires  to  make  his  invention — 
as  a  rule  the  result  of  long  work  and  often  costly  experiments — as 
profitable  as  possible  for  himself.     If  the  State  recognizes  no  right  of 
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property  for  him,  the  publication  of  hid  invention  puts  an  end  to  his 
property.     He  therefore  finds  himself  constrained  to  keep  his  inven- 
tion as  secret  as  possible  in  order  to  profit  by  it  himself.     If  he  is 
himself  a  manufacturer,  or  if  he  has  the  desire  and  means  to  become 
one,  he  will  seek,  if  the  nature  of  his  invention  permits  it  at  all,  to 
benefit  by  it  as  far  as  possible,  quietly  and  under   the  protecting 
cover  of  secrecy  of  manufacture ;   otherwise  he  will  seek  under  the 
promise  of  secrecy  to  interest  another  in  his  invention,  and  if  he 
succeeds  he  will  begin  secretly  in  combination  with  this  other  to  turn 
it  to  the  best  advantage.     Experience  teaches  that  such  factory  secrets. 
are  preserved  for  whole  generations  in  countries  without  secure  patent 
protection  or  in  manufactures  which  are  not  suitable  for  patenting. 
In  this  way,  however,  not  only  is  the  invention  in  question  lost  for  a 
long  time  to  the  world,   but  also  all  those  to  which  it  might  have 
given  rise  in  other  minds.     Certainly,  also,  many  inventions  would 
finally  become  known  through  the  originator  himself,  if  his  ambition 
is  greater  than  his  egoism,  or  through  falseness  and  treachery  ;  yet 
this  will  always  be  the  case  only  to  a  limited  extent,  after  a  long 
interval  of  time  and  in  an  incomplete  manner.     A  quick,  complete^ 
and  faithful  publication,  such  as  is  obtained  by  patent  specifications, 
could  be  attained  in  no  other  way.     The  secret  trading,  so  fortunately 
obviated  in  consequence  of  patent  legislation,  would,  therefore,  spring 
up  again,  and  the  living  vigorous  extension  oi  industry  of  our  century 
would  be  completely  checked.     No  other  means  can  be  thought  of  to 
avoid  this  than  to  compel  the  originator  of  an  invention  to  make  it 
public  in  his  own  interest,  and  this  is  the  true  rational  basis  of  a  proper 
patent  law.     The  patent  is,  in  this  way  of  looking  at  it,  an  actual 
contract  between  the   State  and  the  inventor  ;  the  former,  as  repre- 
sentative of  the  interests  of  the  public,  allows  to  the  inventor  for  a 
term  of  years,  which  must  only  be  so  great  that  it  sufiices  to  attain 
the  purpose,  the  sole  right  of  disposal  of  the  invention  ;  the  latter,  on 
the  other  hand,  undertakes  at  once  and  fully  to  make  the  new  idea  in 
the  invention  available  for  the  public  good.     It  is  the  business  of 
legislation  to  take  care  that  the  community  should  derive  the  greatest 
advantage  from  this  contract. 

Yet,  irrespective  of  the  publication,  essential  advantages  accrue  to 
society  from  granting  the  inventor  the  right  of  property  for  a  limited 
number  of  years.  Only  in  the  very  fewest  cases  is  an  invention  useful 
in  its  original  condition,  usually,  and  especially  with  inventions  of 
most  importance  and  departing  most  from  what  is  known  and  proved, 
a  long  series  of  experiments  and  a  great  expenditure  of  time,  labour^ 
and  capital  is  necessary  to  overcome  all  the  difiUculties  in  tlie  way  of 
what  is  new,  and  to  give  the  invention  a  practically  useful  shape. 
Only  a  prospect  of  considerable  profit  can  stir  one  up  to  the  expenditure 
of  this  great  sacrifice.  By  patent  protection  for  a  series  of  years, 
combined  with  the  fatherly  love  which  every  inventor  has  for  his  idea, 
he  becomes  a  natural  guardian  and  counsel  for  his  invention ;  if  he 
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has  not  himself  the  necessary  means,  the  title  to  his  invention  obtains 
it  for  him,  he  receives  capital  to  make  necesf^aiy  experiments  for 
carrying  it  out  against  the  security  of  a  share  of  the  future  profit.  In 
this  way  Watt  succeeded  in  obtaining  the  rich  BouJton  as  a  partner  in 
consequence  of  his  14  years'  patent ;  it  is  true  that  it  required  all 
Boulton's  wealth  and  1 5  years*  work  to  overcome  the  greatest  difficulties 
in  the  way,  and  only  the  extension  of  the  patent  for  another  1 4  years 
by  an  Act  of  Parliament  brought  them  the  deserved  profit.  But  if 
both  had  failed  over  it  yet  the  world  would  have  had  the  steam 
-engine,  and  with  it  have  gained  access  to  a  new  period  of  industrial 
progress  of  quite  unexpected  splendour.  Many  such  cases  may  be 
^Iduced  where  lengthy,  tenacious  clinging  to  an  idea  and  working  at 
it,  nourished  by  the  prospect  of  future  important  profit,  which  at  first 
•appeared  vague  and  valueless,  was  finally  crowned  by  an  important 
invention  putting  new  life  ipto  every  branch  of  industry.  The  real 
advantage  and  benefit  of  the  invention  for  the  world  does  not  consist 
in  the  ideas  which  often  die  away  unnoticed,  but  in  their  painstaking 
<and  complete  working  out.  How  often  are  really  good  proposals 
made  and  remain  unnoticed  just  because  they  are  proposab ;  years 
•after,  again  sought  out  by  a  painstaking  inventor  or  discovered  anew, 
the  same  thoughts  lead  to  the  most  brilliant  results.  To  whom  does 
not  occur  as  an  example  the  invention  of  aniline  colours  made  already 
years  ago  in  our  fatherland  but  only  made  valuable  quite  recently  ? 

It  may  be  granted  that  the  total  work  of  all  will  in  the  course  of 
time  reach  the  same  goal,  if  after  abolishing  patents,  the  inventor  no 
longer  finds  through  his  material  interest  the  necessar}*^  impulse  and 
the  necessary  means  for  this  heavy,  and  in  a  great  majority  of  cases, 
thankless  work ;  nevertheless,  the  time  necessary  for  the  work,  the 
labour  expended,  and  the  capital  required,  will  be  incomparably 
greater. 

It  may  be  objected  that  during  the  time  when  the  invention  is  the 
individual  property  of  the  inventor,  the  public  are  deprived  of  its 
advantages  ;  but  even  here  the  interest  of  the  inventor  properly  under- 
stood is  that  of  the  public  The  enormous  development  of  manu- 
facture in  almost  all  branches  of  science  makes  it  ever  so  much  more 
advantageous  to  the  possessor  of  a  useful  patent  to  make  the  invention 
available  to  all  against  payment  of  a  small  share  or  profit  or  of  a 
fixed  sum.  Therefore,  in  the  countries  where  a  secure  patent  protec- 
tion exists,  the  inventor  will  very  seldom  work  his  invention  alone, 
he  will,  on  the  contrary,  be  always  strongly  induced  to  bring  the 
same  into  general  use.  The  time  of  duration  of  a  patent  is  therefore 
in  no  way  lost  as  regards  the  total  industry,  the  branch  of  industry 
concerned  will,  on  the  contrary,  be  quickly  entrusted  with  the  new 
discovery  under  the  protection  of  the  patent  law,  whilst  in  countries 
where  no  patent  law  exists  each  one  must  himself  make  the  experiments 
necessary  with  new  inventions,  and  therefore  besides  the  necessary 
loss  of  time,  must  usually  pay  much  more  for  his  experience  than  the 
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amount  of  the  honorarium  to  which  the  inventor  lays  claim.  Experience 
also  teaches  us  everywhere  that  new  inventions  are  most  quickly 
domiciled  where  the  inventor  protected  by  a  patent  works  for  its 
introduction,  and  makes  the  store  of  his  collected  experience  accessible 
to  alL  All  who  now  use  the  new  invention  are  fellow  workers  ia 
perfecting  it,  and  in  this  way  the  branch  of  industry  affected  receives 
an  advantage  over  that  of  other  countries  which  cannot  at  all  or  only 
"with  difficulty  be  overcome,  and  in  the  latter  flourishing  branches  of 
industry  and  commercial  interests  closely  connected  with  them  have 
often  been  ruined. 

If,  notwithstanding  that  a  patent  law,  which  on  the  condition  of 
publication  awards  his  invention  to  the  inventor  as  an  exclusive 
property  for  a  series  of  year^t,  manifestly  held  out  special  advantages 
to  the  industry  of  the  countrj^  just  in  that  country  in  which  this 
arrangement  has  longest  existed,  viz.,  in  England,  a  movement  has 
arisen,  the  aim  of  which  is  the  removal  of  this  arrangement,  one 
may  be  assured  in  advance  that  defects  of  legislation  must  exist 
which  have  unnecessarily  increased  the  burden,  to  the  public  by 
the  patents,  and  that  that  movement  will  have  as  an  actual  conse- 
quence not  the  repeal  but  the  improvement  of  the  law.  England, 
which  owes  its  great  industrial  supremacy  in  a  great  measure  to^ 
the  circumstance,  that  it  first  and  long  before  all  other  nations 
possessed  a  patent  law,  can  and  will  never  get  rid  of  its  patents 
for  invention,  but  on  the  contrary  desires  to  reform  its  patent 
law.  It  has  already  for  some  years  past  made  a  commencement^, 
as  it  has  adopted  the  principle  of  the  inventor  paying  fees  to  the 
State,  increasing  with  the  duration  of  the  patent.  According  to 
the  former  English  patent  law  patents  were  granted  without  proof 
of  any  kind  for  a  term  of  fourteen  years  against  an  immediate 
considerable  payment.  It  may  be  assumed  that  only  5  per  cent 
of  the  patents  taken  out  in  England  have  been  practically  tested  in 
their  original  form  and  have  become  profitable  to  the  inventor. 
The  patents  were  taken  out  once  for  all  and  paid  for,  and  remained 
during  the  whole  14  years  a  burden  on  the  public.  With  the  great 
number  of  patents  taken  out  in  England  by  inventors  in  all  parts  of 
the  world,  this  dead  load  must  have  become  intolerable  in  time. 
To  this  must  be  added  that  the  English  law  allows  inventors  to  give 
their  claims  an  unreasonably  broad  basis,  since  they  may  in  the  future 
attach  every  possible  improvement  or  application  of  their  invention  or 
of  a  portion  of  it.  In  this  way,  in  course  of  time,  a  chaos  of  claima 
has  arisen  amongst  which  only  those  skilled  in  the  law  can  find  their 
way.  fiy  the  introduction  of  the  rising  scale  of  fees  it  has  nevertheless 
come  about  that  in  recent  years  only  a  small  portion  of  the  patents 
taken  out  have  outlived  the  third  year  and  only  5  to  10  per  cent  the 
sixth.  A  further  improvement  of  the  law  for  the  relief  of  the  public 
is  nevertheless  undoubtedly  necessary,  and  to  all  appearance  the  present 
movement  directed  against  patent  legislation  will  have  this  result. 
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In  France  they  are  eimilarly  circumstanced,  where  also  a  leaction 
has  set  in  against  flooding  the  public  with  useless  but  on  that  account 
more  burdensome  patents.  The  uneconomical  principle  of  intellectual 
property  has  there  induced  the  legislature  to  render  the  obtaining  of 
patents  too  easy  and  not  to  employ  sufficiently  practical  means  to 
remove  the  dead  load  of  useless  patents.  Supply  and  demand  must 
in  this  case  also  regulate  the  price  which  the  community  pays  to  the 
inventors  for  the  disclosure  of  their  ideas  and  their  experience,  and 
for  the  sacrifice  which  the  carrying  out  and  diffusion  of  their  inven- 
tions occasions,  the  price  is  too  high  and  must  be  reduced  if  the 
congestion  becomes  too  onerous.  A  reason  for  the  complete  removal 
of  that  business  from  which  fresh  energy  of  life  streams  to  all  the 
rest,  can,  however,  never  be  found  in  it. 

Lastly,  the  question  still  remains  to  be  discussed,  whether  Prussia 
«ould  not  leave  to  the  older  large  industrial  States,  and  perhaps  also  in 
future  to  its  former  associates  in  the  irrational  secret  system  of  patents 
called  into  life  by  it  in  the  Zollverein,  to  take  care  of  the  publica- 
tion of    inventions   through   continuous   patent    protection,   and   as 
formerly  Switzerland,  Mecklenburg,  and  the  Hanse  towns  could  enjoy 
with   others   the   advantages   existing   in   other   States  without  any 
proper  patent  legislation.     Setting  aside  the  odium,  indeed  one  may- 
say   the   immorality  of  the   exclusion   of  a  great   commercial    and 
industrial  State,  like  Prussia,  standing  at  the  head  of  the  Zollverein, 
from  the  buidens  which  the  rest  of  the  civilizeil  world  imposes  on 
itself  by  patent  legislation  in  order  to  make  all  new  thoughts  and 
technical  experience  as  quickly  and  as  completely  as  possible  available 
for  their  general  good ;  setting  this  aside,  such  an  isolated  step  on  the 
part  of  Prussia,  as  already  shown,  would  be  combined  with  great 
direct   material   disadvantages.     A   smaller  State   with  an    industry 
confined  to  a  few  self-contained  branches  of  manufacture  might  accom- 
plish such  a  system,  perhaps  for  a  long  time  without  direct  recognizable 
disadvantage  ;  a  great  industrial  State  must  however  strive  after  leading, 
und  virtually  achieve  it,  at  least,  in  some  branches,  if  it  will  not  lag 
behind  more  and  more.     For  only  the  consciousness  of  supremacy, 
or  at  least  equality,  draws  capital  and  intelligence  into  its  service, 
opens  to  its  industry  the  sources  of  the  market  of  the  world,  and  gives 
it  the  necessary  security  for  the  struggle  with  competition  on  all  sides. 
We  believe  we  have  shewn  in  what  precedes  that  patents  for  inven- 
tion, with  obligatory  publication  of  their  contents,  form  an  indispensable 
•condition  of  the  prosperity  and  advance  of  industry,  trade  and  commerce, 
that  more  important  States  carrying  on  industries,  or  confederations  of 
States  cannot  dispense  with  patent  legislation  without  material  disad- 
vantage, and  that  the  agitation  arisen  in  recent  times  for  its  total  abolition 
depends  partly  on  incorrect  views  of  the  true  meaning  of  patents  for 
invention  and  tlieir  benefits,  and  is  partly  and  indeed  predominantly 
a  consequence  of  the  drawbacks  of  existing  patent  l^islatioD,  and  will 
have  their  improvement  as  a  probable  consequence. 
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In  our  opinion  a  suitable  patent  law  must  effect  in  the  first  place 
the  quick,  certain  and  complete  publication  of  the  thing  patented  ;  it 
must  further  compel  the  inventor,  in  his  own  interest,  to  devote  time 
«nd  means  to  the  perfection,  practical  accomplishment,  and  general 
introduction  of  his  invention ;  at  the  same  time  it  must  also  prevent 
the  accumulation  of  an  oppressive  burden  of  untenable  and  worthless 
patents  dangerous  to  the  community.  This  legislative  action  is  already 
partly  aimed  at  in  the  introduction  of  the  system  of  progressive  taxes 
previously  mentioned,  for  if  an  invention  is  actually  of  no  practical 
value,  the  inventor  will  soon  be  convinced  of  the  uselessness  of  his 
patent,  and  will  then  be  chaiy  of  paying  further  and  increasing  taxes 
for  it  Moreover,  there  is  in  one  direction,  the  basis  of  which  is  found 
in  the  American  patent  law,  a  second  available  means  of  diminishing 
the  burdensome  number  of  useless  patents.  It  consists  in  each  patent 
applied  for  being  submitted  to  the  judgment  of  an  official  before  its 
formal  issue  and  publication,  who  has  to  examine  its  formal  and  actual 
validity.  If  this  examination  shows  on  any  grounds  that  the  patent  is 
untenable  and  would  constitute  a  useless  burden  to  the  public  and  the 
inventor,  the  official  has  to  advise  the  inventor  to  withdraw  his  appli- 
cation, with  a  short  statement  of  the  reasons.  If  the  inventor  does  not 
follow  this  advice  within  a  certain  space  of  time,  the  patent  is  issued 
and  published  with  the  warning  decision  of  the  official.  The  opinion 
of  the  examiner  has  by  this  procedure,  therefore,  no  decisive  influence 
on  the  grant  of  the  patent ;  the  principle  of  the  process  of  application 
remains  on  the  contrary  of  full  value,  yet  the  most  important  disad- 
vantage of  the  process  of  application  is  removed  by  its  combination 
with  the  proposed  procedure  of  previous  examination.  The  inventor  is 
nsually  led  to  the  conclusion  by  his  own  examination  of  the  decision  of 
the  official,  that  he  was  in  error  and  to  withdraw  his  patent  application. 
Otherwise,  the  public  is  warned  by  the  advisatory  decision  of  the  formal 
or  material  defect  in  the  patent ;  it  therefore  loses  its  checking  action 
in  the  carrying  on  of  business.  As  the  inventor,  however,  by  an  action 
which  he  brings  against  an  infringer,  can  bring  the  question  at  all  times 
to  a  l^al  decision  whether  his  patent  is  actually  and  formally  valid  or 
not,  the  preliminary  examination  by  the  official  loses  the  appearance  of 
arbitrariness  which  would  attach  to  it  if  the  question  were  finally 
decided  by  him.  The  judgment,  based  on  the  opinion  of  sworn  experts, 
will  assure  to  owners  of  patents,  as  well  as  to  the  public,  the  feeling  of 
secure  legal  protection ;  and  if,  as  is  to  be  expected,  the  judgment  in 
the  great  majority  of  cases  confirms  that  of  the  examiners,  the  respect 
for  them  can  only  increase.  In  order  to  attain  this,  they  must  restrict 
themselves  only  to  passing  a  dissuading  decision  when  the  untenableness 
of  the  patent  applied  for  is  clear,  and  in  doubtful  cases  leave  the  parties 
to  bring  their  claims  for  judgment  before  a  judge,  whose  right  to  bring 
<a  sufficient  number  of  experts  before  his  tribunal  places  in  his  hands 
more,  and  more  certain,  means  of  arriving  at  a  well-founded  and 
correct  judgment  than  a  government  official  possesses. 
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We  think  we  may  assume  that  patent  legislation  founded  on  thi» 
basis  will  in  general  correspond  all  the  more  perfectly  with  the  true 
interest  and  needs  of  industiy  and  commerce  as  well  as  that  of  the 
public,  the  greater  is  the  territory  in  which  it  has  sway,  and  collect 
our  opinions  in  the  following  points  unanimously  agreed  to  by  our 
Council  ;-:- 

1.  We  absolutely  condemn  the  system  prevailing  in  Prussia  of  patents 
kept  secret  and  granted  on  the  ground  of  a  departmental  preliminary 
examination,  and  we  recommend  the  earliest  possible  repeal  of  this  law. 

2.  On  the  other  hand,  we  consider  the  grant  of  patents  for  invention 
with  the  absolute  obligation  to  publish  as  indispensable,  and  cannot,, 
therefore,  recommend  in  principle  the  abolition  of  patents  for  inven- 
tion. 

3.  We  consider  as  the  most  suitable  patent  law  one  embodying 
application,  consultative  previous  examination,  judicial  protection  of 
the  inventor  as  well  as  of  the  public. 

4.  We  support  a  system  of  patent  fees  on  an  increasing  scale. 

5.  We  can  only  recognize  an  international  uniform  patent  law,  or 
one  including  at  least  the  whole  customs  territory,  as  a  fully  satisfactory 
solution  of  this  weighty  question,  especially  important  for  the  further 
successful  progress  of  industry  and  commerce. 


MEMOIR    REGARDING    THE   NECESSITY    OF    A 
PATENT  LAW  FOR  THE  GERMAN  EMPIRE.* 

The  great  height  to  which  Grerman  industry  has  risen  in  the  last  ten 
years  depends  really  on  two  factors :  imitation  of  foreign  inventiona 
and  low  wages.  With  the  exception  of  certain  branches  founded  upon 
natural  sciences  highly  developed  in  Germany,  the  latter  was  not 
sulticiently  intelligent,  too  young  and  too  poor  to  be  able  to  vie  in 
original  and  important  works  with  the  industries  of  the  older  industrial 
states.  It  was,  therefore,  its  natural  endeavour  not  to  produce  what 
was  new  ;  but  to  imitate,  and  with  the  help  of  its  low  wages  to  produce 
the  imitated  goods  cheaply.  The  published  patent  specifications  of 
other  countries  supplied  it  with  rich  materials  for  this  imitation,  and 
where  this  did  not  sufiice,  the  spying  out  of  the  arrangements  and 
methods  of  manufacture  was  systematically  carried  on  with  the  assist- 
ance of  the  governments.  In  this  way  German  industry  was  enabled 
to  compete  successfully  with  foreign  industry  not  only  in  Germany  but 
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«ven  in  the  markets  of  the  world,  and  by  increased  export  of  manu- 
factures to  re-establish  temporarily  the  balance  of  trade  which  had  1>een 
disturbed  by  the  increasing  dluiinution  in  the  exportation  of  German 
raw  materials.  The  very  imperfect  and  unworkable  patent  legislation 
of  the  individual  German  States  assisted  it  in  this,  as  imitation  free  of 
expense  was  thereby  facilitated. 

The  necessary  consequence  of  this  development  of  German  industry 
was  that  German  manufactures,  both  at  home  and  abroad,  acquired  the 
reputation  of  cheap  but  bad  goods,  and  that  manufacturers  who  ])y 
way  of  exception  manufactured  good  articles,  often  found  themselves 
•compelled,  in  order  to  obtain  a  corresponding  price,  to  bring  their 
manufactui*es  into  the  market  under  foreign  names.  By  the  English 
prohibition  to  import  manufactured  articles  with  the  stamp  of  English 
firms,  and  by  commercial  treaties,  this  practice,  ruinous  for  the  reputa- 
tion of  German  industry,  was  very  successfully,  suppressed  ;  the  under- 
valuing of  German  manufactures  still  existed,  and  caused  each  crisis 
which  happened  to  have  a  much  deeper  influence  on  Germany,  because 
with  a  much  diminished  demand,  only  the  best  known  firms  and  best 
manufactures  found  a  market 

This  German  industrial  system  received  a  first  heavy  blow  by  the 
perfection  of  working  machines  introduced  from  America,  and  the 
wholesale  manufacture  by  machinery  based  upon  it.  As  this  manu- 
facture is  not  only  much  cheaper  than  the  productions  of  hand  work, 
even  with  very  low  wages,  but  produces  much  more  perfect  results  than 
the  latter,  competition  with  it  is  impossible.  So  America,  amongst 
others,  has  deluged  the  world  with  its  sewing  machines,  and  now  even 
-competes  successfully,  and  even  in  Germany  with  the  Black  Forest,  in 
cheap  clocks  of  incomparably  better  quality.  Such  special  goods,  based 
on  wholesale  manufacture,  depend  almost  without  exception  on  new 
inventions  patented  in  the  respective  country  and  cannot  be  imitated, 
as  the  cost  of  the  ari'angement  and  of  the  carrying  on,  as  well  as  the 
risk,  are  too  considerable,  and  the  start  gained  in  the  possession  of  the 
market  can  only  be  overcome  with  great  difficulty. 

Gennan  export  industry  received  the  second  really  deadly  blow 
through  the  short  giddy  rush  of  commercial  activity  and  speculation, 
brought  about  by  the  great  political  events  of  recent  times,  the  sound 
-of  the  milliards^  the  unsoundly  developed  credit  system,  and  the  home 
<:onsumption  of  the  country  raised  to  an  unwarrantable  amount. 
With  the  considerable  fall  in  the  value  of  money  thereby  caused  in 
Gtermany  was  necessarily  connected  a  considerable  rise  in  the  price  of' 
labour,  and  with  it  disappeared  the  special  foundation  of  our  export 
industry.  On  the  other  hand  no  help  can  be  given  either  by  protective 
tariff,  which  is  of  no  assistance  to  create  export  trade,  or  by  the  screw- 
ing back  of  wages  to  their  former  point,  which  would  be  only  accom- 
plished after  the  impoverishment  of  the  land  had  taken  place.  Only 
when  we  shall  have  succeeded  in  making  the  home  industry  of  equal 
standing  in  performance  and  reputation  with  the  foreign  can  we  reckon 
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on  a  renewal  of  our  export  activity.  Tliis  can  only  be  obtained  by 
increasing  and  strengthening  the  intellectual  creative  and  inventive 
powers,  which  are  active  in  industry,  as  well  as  by  raising  the  solidity 
and  probity  of  industrial  activity  and  commerce. 

These  necessary  endeavours  are  not  only  not  promoted  by  our  state- 
regulations  and  principles  of  government,  these  latter  have  on  the  con* 
trary  been  one  of  the  most  important  causes  of  the  unfavourable 
direction  which  the  development  of  our  industry  has  taken.  To  refer 
to  this  in  detail  would  lead  too  far.  Notice  shall  therefore  only  be 
taken  of  the  significant  circumstance,  that  in  the  older  industrial  States^ 
and  especially  in  England,  the  civil  engineer,  rising  in  his  profession  in 
consequence  of  his  prominent  technical  jierformances,  has  a  high  social 
position,  exerts  a  powerful  influence  on  the  state  management  of  all 
technical  concerns,  and  is  summoned  to  the  highest  positions  of  the- 
state,  whilst  with  us  industry  is  only  considered  as  business  and  is- 
without  esteem  and  influence.  With  us  there  is  no  place  in  the  state^ 
organisation  for  the  civil  engineer,  or  any  actual  engineer  ;  with  us  the- 
architect  is  the  technical  organ  of  the  state  admimstration,  the  only 
material  considered  as  qualified  out  of  which  the  state  forms  its  technical 
dignitaries,  advisers  and  officials.  With  us  a  man  must  have  studied 
architecture,  not  only,  as  in  other  countries,  to  build  palaces  and 
mansions,  but  streets,  bridges  and  canals,  as  well  as  railways  and  tele> 
graphs.  Not  even  the  laying  out  of  our  factories  is  pennitted  us 
without  the  directive  action  and  control  of  the  ardiitect,  to  whose 
arrangements  and  decisions  we  must  everywhere  submit.  That  this 
multiplicity  of  study  roust  lead  to  superficial  knowledge  and  serai- 
knowledge,  and  can  neither  produce  ca]mble  architects  nor  engineers,  is 
quite  comprehensible. 

Unfortunately,  the  social  and  state  undervaluation  of  industry  is  at 
present  not  without  authority.     The  few  engineer  who  have  risen  by 
skill  and  pre-eminent  personal  performances  which  it  has  so  far  produced, 
draw  back  discouraged  and  indifferent  from  public  business,  whilst 
mediocrity  presses  forward  as  everywhere.     But  how  can  capable  and 
talented  men  continue  their  work  in  the  German  industry*  and  thrive  if 
their  performances  remain  unacknowledged  and  their  intellectual  labour 
unprotected  ?    How  shall  special  factories  for  manufacturing  in  quantity 
arise,  which  probably,  next  to  home  industrj',  will  in  future  form  the 
basis  of  our  whole  industry',  and  especially  of  our  exports,  if  the  want 
of  protection  to  inventors  in  the  mother  country  prevents  capitalists 
from  supplying  the  means  for  carrying  out  inventions  and  the  produc- 
tion of  special  factories  for  turning  them  to  advantage,  and  forces  the 
inventor  himself  abroad]     Many  talented  German  engineers  are  not 
found  in  Germany,  but  more  in  England,  America,  and  other  industrial 
countries,  where  they  contribute  largely  to  make  competition  with  the 
foreigner  impossible  for  their  mother  country. 

Theoretical  political  economy,  however,  maintains  that  patents  do 
not  promote   inventions   and   bring  the   inventors   no   benefit ;    the 
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formation  and  introduction  of  inventions  would  be  effected  more 
quickly  and  better  through  the  untrammelled  work  of  all  than  by  the 
inventor  himself.  In  the  practical  sphere  these  are  fallacies  which 
refute  themselves.  For  invention  in  the  first  place  inventive  heads 
are  required  which  only  unfold  themselves  and  remain  where  they 
find  favourable  ground  and  protection  for  their  work.  It  is  hence 
quite  immaterial  whether  patents  actually  bring  them  benefit  or  not 
They  believe  it  and  therefore  go  where  patents  are  granted  them^ 
where  they  have  the  best  prospects  of  rising  and  may  be  themselves 
the  most  competent  judges  of  their  own  interest.  That  the  work  of 
all  most  quickly  and  best  develops  and  introduces  inventions  is  an 
error  founded  on  fact,  as  may  be  at  once  recognized  since  technical 
progress  has  always  been  most  vigorous  in  those  countries  in  which 
inventions  are  best  protected.  Political  economy  theorists  who  are 
not  practically  engaged  in  industry,  generally  start  from  the  false 
view  that  an  invention  is  nothing  but  an  idea  without  trouble,  and 
bring  it  into  a  certain  opposition  to  work.  They  thus  confound  ideas 
with  inventions.  The  idea  is  in  itself  without  real  value  ;  it  becomes 
so  only  after  passing  through  a  tedious,  costly,  and  often  for  the 
inventor,  dangerous  path,  through  which  it  must  be  elaborated  ta 
become  an  invention  worthy  of  a  patent.  It  is  almost  the  same  path 
that  the  conception  of  a  work  of  art  has  to  pass  through  until  its 
completion.  For  inventions,  however,  the  greatest  difficulties  begin 
after  this  passage,  they  must  undergo  the  fire  test  of  practice  in 
which  by  far  the  greater  number  succumb.  Then  they  have 
yet  to  sustain  the  most  difficult  fight  against  habit,  prejudice,  and 
the  inert  force  of  what  exisfc*,  which  they  must  destroy  in  order  to 
procure  a  position.  The  **  work  of  all "  cannot  perform  all  this,  it 
would  only  effect,  that  this  "  all "  would  have  simultaneously  to 
traverse  the  same  laborious  and  expensive  way,  would  therefore 
certainly  be  very  uneconomical.  As  a  rule  the  fatherly  love  of  the 
inventor  is  able,  combined  with  the  expectation  of  great  honour  and 
gain  in  the  future,  to  create  the  necessary  quantity  of  self-sacrificing 
work  and  means,  for  the  accomplishment  and  introduction  of 
an  important  invention.  Thus  may  be  explained  the  feeling  of 
irritation  about  injustice  undergone  which  takes  possession  of  every 
inventor,  when  his  invention,  the  child  of  grief  and  of  heavy  pains 
and  cares  remains  unprotected,  and  so  is  destroyed  or  becomes  a 
booty  to  everybody  without  trouble.  This  irritation  about  protection 
refused  to  his  putative  property  more  than  the  prospect  of  material 
profit,  brings  it  about,  that  the  inventor  prefers  to  seek  protection  for 
his  invention  abroad  than  to  abandon  it  to  the  *^  work  of  all "  in  the 
fatherland.  There  it  is  willingly  granted  to  him  according  to  the 
patent  legislation  of  most  countries  with  as  full  equal  rights  as 
to  the  native.  If  the  inventor  then  finds  the  ways  and  means  to 
perfect  his  invention  and  to  introduce  it  he  is  as  a  rule  lost  to  the 
land  of  his  birth,  and  in  case  he  is  successful  draws  many  others  after 
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him  by  his  example,  and  as  a  rule  those  most  enei^etic  and  most 
icapable.  The  remarkable  phenomenon  is  thus  explained,  that  there  is 
in  Germany  so  great  a  number  of  young  well  trained  engineers 
possessing  much  knowledge  that  it  forms  a  plantation  for  the  whole 
World,  but  that  as  regards  prominent  engineers  other  states  are  rich 
itnd  we  are  very  poor.  There  is,  however,  at  the  same  time  the 
comforting  consolation  that  a  change  for  the  better  can  easily  be 
effected,  and  that  German  industry  even  bears  in  itself  the  main  condi- 
tion of  a  prosperity  without  equal.  This  is  the  high  development  of 
the  study  of  natural  sciences  in  Germany,  the  basis  of  all  technical 
progress  and  the  better  scientific  and  technical  training  of  our  youth 
which  has  brought  it  about;  that  with  us  natural  sciences  have  already 
permeated  much  deeper  lying  layers  of  the  population,  fertilizing  and 
stirring  them  up.  To  effect  this  change  it  is  only  necessary  to  give 
the  intellectual  creative  forces  of  industry  the  necessaiy  play  for  their 
full  development  and  activity,  and  by  means  of  a  good  patent  law  to 
make  their  work  protected  and  recompensed. 

Unfortunately  it  is  not  only  material  disadvantages  w^hich  arise  for 
Germany  out  of  the  want  of  protection  of  technical  progress,  it  also 
promotes  the  already  widely-spread  unsolidity  of  German  industry  and 
injures  the  reputation  of  G^emiany  abroad.  It  has  produced  by 
degrees  amongst  us  in  technical  matters  a  view  of  right  quite  different 
from  other  countries,  a  different  morality.  Whilst  in  England, 
France,  and  even  in  America,  it  is  considered  dishonourable,  or  at 
least  unbecoming,  to  make  use  of  foreign  inventions  without  the 
consent  of  the  inventor  ;  even  if  his  right  to  protection  is  doubtful  or 
does  not  exist,  in  Germany  this  is  not  only  considered  proper,  but  in 
many  cases  even  meritorious.  As  a  characteristic  example  in  this 
direction,  I  only  need  cite  that  in  Prussia  itself  technical  state 
officials  do  not  hesitate  to  deliver  to  other  manufacturers  as  a  pattern 
for  imitation  new  mechanical  apparatus  or  arrangements  which  are 
perfected  by  manufacturers  with  difficulty  and  expense,  or  to  bring 
them  into  competition  and  to  assign  the  execution  to  the  lowest 
tenderer.  They- are  even  often  obliged  to  do  so  by  their  instructions. 
In  a  similar  direction  those  manufacturers  frequently  openly  recom- 
mend their  manufacture  to  us  on  this  ground,  that  they  imitate  on 
principle  only  the  most  approved  and  most  novel  constructions  of 
recognized  important  firms,  and  therefore  can  supply  cheaper  than 
these  as  they  had  to  bear  no  expense  of  invention  and  triaL  In  other 
countries  this  would  be  considered  as  dishonourable  ;  here  even  state 
officials  do  not  hesitate  to  make  the  best  use  of  such  apparently 
advantageous  offers.  The  natural  consequence  is,  that  this  anomalous 
morality  by  degrees  permeates  from  above  downwards  through  the 
whole  life  of  trade  and  commerce,  that  the  endeavour  to  furnish  what 
is  new  and  better  in  industry  occurs  more  seldom,  that  competition  for 
cheapness  alone  is  predominant,  and  German  manufacture  is  everywhere 
despised  as  goods  of  slight  value.     The  gratifying  pride  of  the  English 
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manufactnreTB,  whom  no  prospect  of  gain  would  induce  to  provide 
goods  with  his  mark  which  were  not  first  class  and  would  do  honour  to 
his  firm,  is  unfortunately  only  in  a  few  cases  to  be  discovered 
amongst  us. 

It  is  not  to  be  wondered  at,  that  these  circumstances  are  the  cause 
that  not  only  German  goods  but  also  German  manufacturers  are 
brought  into  discredit  abroad.  If  one  considers  also  the  indignation 
which  foreign  inventors  feel  at  the  general  refusal,  and  in  any  case 
insufficient  protection  of  their  inventions  in  Germany,  which  they 
consider,  not  as  the  consequence  of  a  special  economical  theory,  but  as 
an  intellectual  pillage  systematically  carried  on  and  promoted  by  the 
Government  and  the  endeavour  of  the  German  abroad  always  to  spy  out 
foreign  secrets  of  manufacture  and  contrivances  which  is  there  looked 
upon  as  a  breach  of  confidence  and  dishonesty,  the  contempt  of  the 
German  abroad  with  which  one  meets  so  often  is  explained.  German 
honesty,  of  which  we  sing  and  speak  much,  has  abroad  only  a  bad 
sound  to  Germany'^  immeasurable  harm.  This  dislike  everywhere 
abroad  to  Germans  and  German  ways  has  recently  considerably 
increased.  One  rightly  considers  patents  for  inventions  with  the 
.obligation  of  publicity  as  a  work  of  economical  freedom,  which  brings 
technical  advance  to  the  society  of  the  nations  practising  industry,  on 
the  intensity  of  which  at  the  present  time  the  well-being  of  the  people 
essentially  depends,  and  from  which  alone  a  gradual  increasing 
improvement  of  the  social  condition  of  mankind  is  to  be  expected^ 
One  might  pardon  a  ruptured  divided  Germany  seceding  from  this 
work  like  Switzerland  and  other  small  states,  but  not  the  powerfully 
founded  German  empire  from  which  one  demands  a  share  in  works 
and  sacrifices  commensurate  with  its  importance,  which  the  other 
nations  impose  upon  themselves  in  the  general  interest  of  culture. 
Only  when  the  German  empire  has  taken  its  full  share  in  this  labour, 
only  when  the  German  nation  has  contributed  to  the  increase  of  the 
store  of  mankind  in  knowledge  and  understanding  corresponding  to 
the  powerful  position  of  its  state,  and  when  Germans  themselves  have 
obtained  again  by  honesty  in  trade  and  fitness  for  their  work  the  full 
respect  of  other  nations,  will  the  world  be  reconciled  to  the  great 
revolution  which  Germany's  political  resurrection  has  produced,  and 
our  fatherland  be  protected  against  all  storms  in  the  future.  Promoting, 
recognizing,  and  protecting  all  good  and  useful  intellectual  creations, 
and  in  the  first  line  protection  of  the  industrial  advance  of  all  depart- 
ments by  a  good  patent  law,  reconciling  the  interests  of  the  inventor 
with  those  of  trade  ami  the  public,  form  the  indispensable  basis  of  that 
successful  activity  which  can  bring  about  these  conditions.  The 
society  for  the  protection  of  patents  has  undertaken  the  promotion  of 
such  a  rational  patent  law.  The  carrying  of  such  a  law  would  satisfy 
a  want  deeply  felt  in  the  industrial  circles  of  the  whole  of  Germany, 
and  especially  of  the  south  of  Germany,  would  provide  the  central 
point  for  all  the  endeavours  directed  to  technical  advance  hitherto 
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wanting,  and  knit  trade  circles  more  firmly  to  the  empire  and  its 
institutions.  Even  a  well  founded  expectation  of  the  speedy  regula- 
tion of  the  question  of  protection  for  invention  would  at  last  act 
encoun^ngly  and  bring  new  life  to  many  important  branches  of 
industry  now  hopelessly  languishing,  and  spur  them  on  to  the  utmost 
endeavours  in  order  successfully  to  maintain  the  struggle  for  existence 
in  the  hope  of  better  times  coming  during  the  present  heavy  commercial 
crisis,  which,  besides  the  unsound,  destroys  much  that  is  sound  and 
solid. 


OFFER  CONCERNING  THE  FOUNDATION  OF  AN 
INSTITUTE  FOR  THE  EXPERIMENTAL  PROMO- 
TION OF  THE  EXACT  SCIENCES  AND  OF 
HIGHER    ENGINEERING* 

No  country  in  the  world  has  done  so  much  for  scientific  and 
technical  instruction  as  Germany,  and  especially  Prussia.  This  is 
also  recognized  everywhere,  and  the  German  method  of  instruction 
serves  as  an  example  in  all  countries.  In  this  Germany  has,  perhaps, 
done  too  much  with  respect  only  to  its  owa  material  interests,  for 
German  scientists,  and  in  still  greater  measure  German  engineers,  are 
spread  over  the  whole  world,  and  intensify  by  their  acknowledged 
ability  the  competition  which  foreign  industry  opposes  to  German 
industry.  Moreover,  the  highly  cultured  scientists  and  engineers 
remaining  at  home  find  occupations  corresponding  only  in  a  small 
degree  with  their  knowledge.  According  to  the  number  and  culture 
of  its  scientists  and  engineers  Germany  without  question  should  stand 
at  the  head  of  scientific  and  technical  progress,  even  though  the 
reasons  why  its  industry  has  remained  behind  that  of  other  nations  are 
to  be  sought  to  a  great  extent  in  other  directions.  The  reasons  why  this 
expectation  has  not  in  general  been  fulfilled  lies  evidently  in  the  fact 
that  both  for  scientific  investigation,  as  well  as  for  technical  inventive 
work,  the  ground  was  not  favourable  for  the  forces  existing  in 
abundance.  As  regards  engineering  this  unfavourable  condition  has 
decidedly  improved  since  the  passing  of  the  German  patent  law.  Since 
through  it  inventions  are  placed  under  real  protection,  inventors  and 
manufacturers  can  bestow  care  and  money  on  the  thorough  working 
out  of  new  inventions  in  the  often  fallacious  hope  of  great  future 

*  (From  the  Memorial  of  a  CommisKion  summoned  on  the  11th  Jane,  1883,  lor 
eonsldering  the  Organisation  of  a  Physico-Mechanioal  Institute.)    1883. 
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profit,  for  the  competitor  is  no  longer,  as  formerly,  equally  entitled 
Xo  employ  it  without  being  burdened  with  previous  troublesome 
labour  and  expense.  There  is  certainly  no  doubt  that  the  manifest 
impulse  to  German  industry  in  latter  years  is  due  to  the  action  of  the 
now  existing  protection  for  patents.  Inventions  and  improvements 
are  no  longer  introduced  abroad  as  formerly,  where  they  received 
patent  protection  to  the  great  disadvantage  of  German  industry,  whicli 
thereby  everywhere  lost  the  initiative,  and  had  to  be  satisfied  with 
imitation  and  lost  more  and  more  its  consideration  in  the  world. 
However  pleasing  may  be  the  impulse  which  German  industiy  has 
thereby  received  that  it  has  become  in  many  directions  equal  with 
foreign  industry,  and  in  many  branches  has  even  taken  the  lead,  yet 
this  development  conceals  great  dangers  for  it,  and  will  not  alone  give  it 
the  position  due  to  it  through  the  preponderating  intelligence  active  in 
it.  With  the  existence  of  patents  the  great  difficulty  prevails  of 
determining  what  is  an  actual  invention  which  introduces  something 
actually  new  and  what  is  only  an  adaptation  of  known  devices  and 
methods,  which  any  practised  technical  person  at  once  can  bring  into 
use  when  the  problem  is  set  him.  It  is  therefore  more  and  more 
the  tendeucy  in  all  countries  without  respect  to  this  to  patent  all  first 
uses  even  when  they  contain  no  real  inventive  thoughts.  There  is 
thus  developed  a  heavy  obstacle  for  the  working  industry  which 
finds  itself  hemmed  in  by  numberless  patent  claims  in  all  directions 
without  simultaneous  increase  of  its  technical  aids.  This  danger  can 
only  be  prevented  by  more  powerful  development  of  scientific  reseai*ch 
with  simultaneously  greater  restriction  of  capability  of  patenting. 
Scientific  research  always  forms  the  safe  foundation  of  technical  progress, 
and  the  industry  of  a  country  will  never  acquire  a  leading  inter- 
national position  and  be  able  to  maintain  itself  if  it  does  not  at  the 
same  time  stand  at  the  head  of  scientific  progress.  To  bring  this 
about  is  the  most  effective  means  of  raising  industry.  German 
science  has  always  taken  a  prominent  position.  We  shall  also  not  go 
wrong  if  we  assume  that  it  is,  thanks  only  to  the  high  position  of 
scientific  culture  in  Germany,  that  Gennan  industry,  notwithstanding 
its  unfavourable  |X)3ition,  has  been  able  to  maintain  its  place  to  a 
<!ertain  extent.  On  the  other  hand,  however,  it  must  be  conceded 
that  scientific  progress  among  us  does  not  yet  by  a  long  way  correspond 
to  the  extent  of  our  scientific  culture.  This  appears  all  the  more 
remarkable  as  Germany  is  also  rich  in  highly  gifted  natural  philosophers 
and  as  the  German  nation  is  not  beliind  any  other  in  the  world  in 
scientific  endowment.  This  is  manifestly  to  be  traced  back  to  a 
defect  in  our  state  arrangements.  With  us  science  is  yet  in  the  same 
condition  in  which  engineering  found  itself  before  the  introduction  of 
protection  for  invention.  The  state  has  turned  its  whole  strength 
with  undoubted  success  to  the  advancement  of  scientific  instruction. 
Its  teaching  establishments  produce  a  great  number  of  highly  cultured 
natural   philosophers   whose   life    vocation   is    almost   always   again 
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tuition.  Scientific  investigation  itself  is  nowhere  a  life  vocation 
in  the  state  organization,  it  is  only  a  permitted  private  business  of 
the  learned  besides  their  vocation,  teaching  business.  Individual 
research  stations,  which  are  called  forth  by  special  urgent  needs^ 
and  also  the  academies  which  are  indeed  dedicated  to  scientific  investi- 
gation, but  treated  as  inferior  offices  only  and  not  provided  with  the 
necessary  arrangements  for  carrying  out  experimental  investigations  da 
not  essentially  alter  anything.  The  professional  scientists  of  the 
academies  are  so  entirely  overloaded  with  learned  occupations  in. 
addition  to  the  instruction  incumbent  on  them,  that  they,  according 
to  the  expression  of  one  of  our  fir^st  natural  philosophers,  must  cease 
to  be  scientists.  That  notwithstanding  this  so  many  highly  impor- 
tant and  laborious  scientific  works  have  been  produced  by  these^ 
heavily  burdened  German  professors  is  a  proof  highly  honourable^ 
to  them  of  their  all  absorbing  love  of  science.  It  must,  however,  be 
pointed  out  as  a  waste  of  national  strength,  that  highly  gifte<l 
enquirers,  talents  such  as  only  seldom  come  to  light,  are  heavily 
burdened  with  professional  labours,  which  others  would  perhaps. 
])crform  even  better,  and  are  thereby  in  gi^at  measure  withdrawn  from 
science  itself,  to  which  they  would  bear  incalculable  service  if  they 
could  give  themselves  up  entirely  to  it.  But  it  is  a  still  greater 
pity  that  so  many  talented  and  highly  cultured  young  students  find, 
no  opportunity  to  carry  out  scientific  work.  The  laboratories  of  the 
universities  and  schools  only  remain  open  to  them  as  a  rule  until  they 
have  completed  their  scientific  training.  These  institutions  are,, 
indeed,  intended  and  arranged  for  tuition,  and  are  not  suitable  as  a 
rule  for  'more  delicate  and  extensive  scientific  investigations.  The 
unfortunate  consequence  in  most  cases  is  that  scientific  labours  w^hich. 
would  animate  and  fructify  whole  domains  of  life  remain  undone,  and 
that,  in  the  struggle  for  existence,  talents  do  not  develop  or  fall  to  the 
groimd  unrecognized,  which  under  more  favourable  circumstances 
would  have  been  able  to  perform  great  things  to  the  honour  and  ta 
the  material  advantage  of  the  country.  This  is  especially  true  as 
regards  experimental  physics.  Chemistry  stands  in  closer  connection 
"with  industry,  which  holds  out  to  many  eminent  chemists  paying 
employment  and  opportunity  for  works  of  investigation.  This  is 
promoted  by  the  circumstance  that  places  and  arrangements  for 
chemical  researches  are  much  more  easily  set  up  than  those  neces- 
sary for  extensive  experimental  physical  researches.  German  chemical 
industry  has  therefore  always  been  able  to  maintain  itself  at 
those  scientific  and  technical  heights  which  correspond  to  the  German 
position  of  culture.  Unfortunately  this  cannot  be  said  of  experimental 
physics.  Here  England  has  acquired  a  decided  advantage  by  its 
wealth  existing  in  wide  circles  and  the  predilection  of  Englishmen 
for  scientific  emplo^^ment.  Well-to-do  Englishmen  have  erected 
private  laboratories  in  great  number  in  w^hich  they  themselves  work 
zealously  and  give  an  opportunity  to  able  specialists  for  carrying  out 
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great  works  ;  notwithstanding  the  proporliouutely  much  less  extended 
scientific  training  in  England,  this  country  has  yet  on  this  account 
accomplished  much  and  produced  disproportionately  many  talents  of 
the  first  rank.  In  recent  times  England,  France,  and  America,  the 
countries  which  are  our  most  dangerous  opponents  in  the  competitive 
struggle,  have  recognized  the  great  importance  of  scientific  superiority 
for  material  interests,  and  have  sought  vigorously  by  the  improvement 
of  their  tuition  to  raise  scientific  culture  and  to  provide  contrivances 
which  promote  scientific  advancement  The  characteristic  perseverance 
of  the  Anglo-Saxon  race  and  regardlessness  in  carrying  out  things  which 
ai'e  recognized  as  useful  and  necessary,  has  already  led  to  quite 
surprising  results.  France  has  always  bestowed  great  care  on 
scientific  instruction.  For  the  rest  the  circumstances  in  this  country 
are  the  same  as  in  ours.  Although  in  France  scientific  instruction  ift 
well  organized,  and  the  knowledge  of  natural  science  widespread,  and 
although  in  the  Conservatoire  des  Arts  et  Metiers  they  possess  an 
institute,  which  ought  to  serve  principally  fur  scientific  technical 
research,  it  has  yet  been  recently  considered  necessary  to  found  a  large 
new  institute  which  is  exclusively  intended  for  scientific  researches. 
It  is  therefore  to  be  feared  that  the  advantage  that  we  still  have  up  to 
the  present,  that  of  better  organized  scientific  instruction  and  of  more 
widely  spread  scientific  culture,  will  soon  be  lost,  and  that  we  cannot 
maintain  ourselves  in  the  future  at  the  head  of  scientific  progress  if  it 
is  not  supported  in  our  case  also  by  state  organizations.  These 
organizations  would  have  to  fulfil  a  double  purpose,  to  advance 
scientific  enquiry  generally  and  to  aid  industry  by  means  of  the 
solution  of  scientific  technical  problems  and  questions  which  are  essential 
to  its  development.  Laboratories  would  have  to  be  constituted  in 
connection  with  the  universities  and  technical  teaching  institutions^ 
which  should  be  under  the  direction  of  highly  gifted  men,  and  which 
should  be  equipped  with  all  aids  to  the  fullest  extent,  so  as  to  be  able 
to  carry  out  experimental  investigations  of  all  kinds  with  the  greatest 
possible  precision.  Only  specially  fit  and  quite  scientifically  cultured 
persons  should  be  employed  for  the  work  in  these  institutes,  for 
carrying  out  determined  researches  that  they  had  themselves  proposed, 
or  which  would  be  made  over  to  them  for  working  at  In  order  to 
make  clear  the  great  importance  which  such  an  institute  well 
supplied  and  liberally  endowed  would  have  for  the  development 
of  industry  a  short  retrospect  of  the  history  of  this  development 
is  quite  sufficient  We  see  this  everywhere  associated  with  certain 
persons  and  institutes,  where  it  was  possible  by  specially  favour- 
able conditions  that  scientific  researches  went  hand-in-hand  with 
their  technical  application.  The  scientific  light,  which  in  consequence 
illuminated  and  led  technical  combinations  and  methods,  gave  such  in- 
stitutions such  a  preponderance  over  others  that  the  cost  of  experiments 
was  not  only  covered  by  the  higher  commercial  results,  but  also  whole 
branches  of  industry  were  radically  transformed  by  them,  and  new 
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-ones  of  great  iuiportance  created.     As  already  instanced  this  combina- 
tion of  scientific  investigation  and  technical  use  is  much  more  easily 
^realisable  in  chemical  manufacture,  and  the  rapid  development  of  the 
chemical  industry  in  Germany,  and  the  important  position  which  it 
still  at  present  maintains  in  the  world,  is  mainly  due   to   this  cir- 
cumstance.    Much  more  unfavourable  is  however  the  position  of  the 
•trades  depending  on  mechanical  bases.     Exact  physical  experiments 
-demand  much  more  costly  instruments  and  specially  prepared  rooms ; 
they  are  therefore  nmch  more  expensive  and  lengthy,  and  require  besides 
•a  much  greater  extent  of  knowledge  and  fitness  of  the  men  conducting 
the  experiments.    Such  a  coincidence  of  theory  and  practice  favourable 
4o  progress  will  exist  much  more  seldom   therefore  in  branches  of 
industry  which  rest  on  mechanical  bases.     If  the  state  therefore  con- 
lines  itself  as  heretofore  only  to  looking  after  instruction,  the  me- 
•chanical  crafts  necessarily  lag  behind  the  chemical  in  their  development. 
Moreover  it  cannot  be  to  the  interest  of  the  state  to  make  technical 
progress  too  much  dependent  on  certain  specially  favourably  situated 
technical  institutions.     These  disadvantages  can  only  be  avoided  by 
the  state  taking  care  as  far  as  organization  is  concerned,  that  experi- 
mental researches  necessary  for  the  rapid  extension  of  the  mechaiiico- 
})hysical  branches  of  industry  shall   be  accomplished   by  the   most 
notable  men  with  state  means  in  the  general  interest  and  for  the  ad- 
vantage of  all.     If  our  present  position  is  considered,  the  convincing 
necessity  for  such  an  institute  for  investigation  and  enquiry  organised 
by  the  state  is  perfectly  obvious.     Exact  mechanics  ten  years  ago  had 
lost  its  superiority  to  a  very  considerable  degree.     The  faults  brought 
to  light  were  so  grave  and  evident  that  then  the  impulse  was  given  for 
founding   a   state   organization    for    supporting    and    raising    home 
mechanics  of  precision  by  state  institutions,  which  could  no  longer 
^satisfy    their    need   of  instruments    of    precision    at    home.     Since 
then  a  radical  improvement  has  certainly  taken  place  in  this,  but  it 
will  not  again  attain  its  former  high  position  if  the  help  then  suggested 
is   not  actually  given.      It  is  a  question  of  a  long  series  of  experi- 
mental researches  on  the  constitution  for  the  restoration  methods  of 
the  different  glasses  necessary  for  optical,  thermometric,  electric,  and 
other  purposes,  on  their  physical  properties,  and  the  exact  determina- 
tion of  their  constants.     Similar  highly  necessary  experimental  en- 
quiries are  wanting  on  the  properties  of  metals  and  their  alloys,  on  the 
gradual  alterations  of  these  properties  by  external  influences  (alterations 
of  temperature,  concussions,  electrical  actions,  etc.),  on  the  co-efficient« 
of  elasticity  and  friction.     Thorough  researches  are  wanting  on  the 
specific  conductivity  of  metals,  on  the  specific  inductive  capacity  of 
non-conductora  and  their  specific  insulation  at  different  temperatures 
and  with  high  electric  tensions.     All  these  enquiries  and  determina- 
tions are  necessary  for  the  successful  development  of  trade  activity 
resting  on  essentially  mechanical   bases.      They   can   be   perform^ 
neither  in  university  nor  in  private  laboratories  as  there  is  no  place  in 
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them  for  such  extensive  and  tedions  experiments,  which  neither  bring 
direct  profit  nor  special  honour  to  those  performing  them.  And  yet 
much  useless  work  and  great  loss  of  time  and  money  would  be  avoided, 
if  these  experiments  were  carried  out  and  were  settled  for  the  benefit 
of  industry.  In  this  way  particularly  also  smaller  works,  which  have 
not  the  means  themselves  of  carrying  out  such  experiments  specially 
necessary  for  them,  and  can  less  easily  incur  lo?>ses  through  unsuitable 
choice  of  materials,  would  be  quite  substantially  aided  in  the  com- 
petitive struggles  with  the  greater  institutes  {possessing  long  experi- 
ence. Even  still  more  important  consequences  are  to  be  expected 
from  investigation  proper,  which  would  be  connected  with  the 
institute  previously  planned  for  the  elevation  of  the  mechanics  of  pre- 
cision. If  one  considers  the  progress  of  development  of  new  branches 
of  industry  or  such  as  are  subject  to  radical  transformation,  one  sees 
that  it  occurs  usually  by  bounds.  It  begins  as  a  rule  in  new  scientific 
acquisitions  by  which  new  aims  or  new  aids  are  given  to  industry.  As 
9Xk  example  in  modern  times  it  is  only  here  necessary  to  mention  the 
entire  transformation  of  the  whole  science  of  heating  by  the  regenera- 
tive system  of  heating,  of  the  steel  industry  by  the  Bessemer  process, 
the  quite  incalculable  increase  in  value  of  the  German  iron  fields 
{mostly  phosphoric),  by  Thomas's  dephosphorizing  process,  the  manu- 
facture of  aniline  and  alizarine  which  has  powerfully  affected  the  in- 
ternational balance  of  trade  of  Germany  to  its  advantage.  The  possi- 
bility of  the  cheap  production  of  powerful  electric  currents  by  means 
of  the  dvnamo  machine  will  exert  a  similar  transforming  action  on 
mechanical  industry.  To  the  rapidity  of  transmission  of  electrical 
effects  which  has  already  produced  such  a  transformation  in  our 
cultured  life,  is  now  added  the  transmission  of  power  in  quantity  by 
electricity  and  its  re-application  at  other  places  to  the  most  varied 
technical  labours.  Just  in  this  case  can  be  recognised  without  doubt 
the  necessity  of  state  organization  for  scientific  experimental  enquiries. 
Although  the  principle  of  the  dynamo  machine  was  already  published 
in  the  Berlin  Academy  in  Januar}%  1867,  and  the  great  technical  con- 
sequences hinted  at,  to  which  it  woidd  lead,  more  than  a  decade  has 
passed  before  the  activity  of  the  industries  of  all  countries  succeeded  in 
working  out  this  principle  so  far  that  it  could  be  used  with  advantage 
in  practical  life.  Industry  had  not  the  time  and  means  to  carry 
through  the  numerous  experiments  necessary.  Even  now  a  number  of 
unsolved  scientific  questions  exist,  which  stand  in  the  way  of  this  de- 
velopment. The  technical  consequences  ought  certainly  not  to  be  under- 
valued which  will  result  from  the  application  of  electric  currents  of 
any  desired  strength  in  the  most  varied  branches  of  industry.  The 
country  which  first  realises  them  will  thereby  attain  a  great  advantage 
over  other  countries.  There  are,  therefore,  important  questions  of 
political  economy  which  depend  on  the  state  support  of  scientific 
advance  in  this  department.  It  is  to  be  added  that  owing  to  the 
application  of  electricity  on  a  large  scale  the  necessity  has  become 
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apparent  of  fixing  determined  electrical  units  for  trade  and  of  perma*- 
nent  arrangements  for  the  control  of  the  units  coming  int<j  use. 
Althou<^h  theae  units  have  been  brought  forward  and  rendered) 
practicable  in  the  first  instance  in  Germany,  an  organization  was  want-^ 
ing  to  carry  out  the  laborious  scientific  work  to  completion  necessary 
for  practical  application,  and  there  is  danger  that  here  again  England 
and  France  will  gain  precedence  of  us.  Already  this  burning  question 
of  electric  units  of  measurement  makes  the  quickest  possible  founda- 
tion of  an  organization  for  scientific  experimental  research  with  suitable- 
buildings  and  apparatus  of  such  necessity  that  it  cannot  be  refused^ 
The  necessary  funds  for  carrying  this  out  are  hardly  of  cnnsideratiou 
compared  with  the  incalculable  advantage  which  will  arise  from  such  a 
well -endowed  oiganizatiou  furnished  with  necessary  means. 


ON  THE  IMPORTANCE  AND  THE  OBJECTS  OP 
THE  PROPOSED  PHYSICO-TECHNICAL  STATE 
INSTITUTION.* 

Pbeface. — After  the  establishment  of  a  Prussian  state  institute  for 
the  furtherance  of  exact  science  and  exact  engineering  already  planned 
in  the  year  1872  was  propounded  in  so  essentially  extended  a  form  by 
a  commission  of  the  most  illustrious  scientists  and  technists  called 
together  in  the  year  1883,  that  the  space  set  aside  for  the  purpose  in 
the  newly  eatablished  Charlottenburg  Polytechnic  was  proved  to  be 
inadequate,  Werner  Siemens  offered  to  the  Royal  Prussian  Minister  of 
Instruction  the  gift  to  the  Prussian  state  of  a  site  of  12,000  square 
metres  on  the  condition  that  the  latter  would  engage  to  erect,  establish^ 
and  maintain  the  necessary  laboratories  and  other  buildings  for  the 
department  of  the  projected  institute  to  be  entrusted  with  fundamental 
scientific  investigations.  Awaiting  the  approbation  of  the  Prussian 
Diet,  necessary  for  the  completion  of  the  arranged  terms,  he  then 
announced  that  he  would  also  bear  the  cost  of  erection  of  the  necessary 
buildings,  and  in  order  that  a  whole  building  year  might  not  be  lost» 
would  go  on  at  his  own  risk,  without  asking  from  the  Prussian  state  a 
guarantee  to  supply  the  means  in  the  budget  for  1885-86.  According 
to  his  wish,  the  architectural  adviser  of  the  Royal  Prussian  Ministry 
of  Instruction  was  empowered  to  assist  him  in  the  design  and  carrying 
out  of  the  works. 

*  (From  a  Memorandum  to  the  Reichstag  regarding  the  establishment  of  a 
PhjBico-Tecbnical  State  Institution  for  the  experimental  furtherance  of  exact 
natural  philosophy  and  exact  engineering.)     1884. 
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Affairs  were  in  thia  position  when  Werner  Siemens,  having  regard 
to  the  national  importance  of  the  plan  and  in  the  hope  of  carrying  out 
the  same  in  greater  extent  and  with  richer  means,  ii^solved  to  make 
to  the  Empire  the  offer  already  made  to  Prussia.  The  Prussian 
Minister  of  Instruction  expressed  his  agreement  herewith  ;  his  great 
wish  was  only  that  it  might  any  how  be  possible  to  call  into  life  the 
importiint  institute. 

Werner  Siemens  thereupon  declared  himself  ready  to  make  a 
donation  of  half  a  million  marks  in  land  or  capital  to  the  Empire 
for  the  purpose  of  founding  an  institute  for  carrying  out  natural 
science  researches  for  technical  purposes,  and  has  brought  together  in 
what  follows  his  opinion  on  the  importance  and  the  objects  of  such  an 
institute. 

State  arrangements  for  the  promotion  of  scientific  progress  are 
restricted  in  general  to  looking  after  scientific  instruction.  It  might 
be  said  that,  perhaps,  they  do  too  much  in  this.  This  is  specially 
true  of  Germany,  from  whose  celebrated  educational  institutions  a 
number  of  highly  educated  young  scientists  issue  who  hardly  ever 
find  any  other  occupation  in  the  service  of  the  state  and  in  private  life 
than  that  of  teaching,  that  is  in  the  reproduction  of  the  same  species. 
For  the  development  of  science  itself  no  organization  exists,  this  is  left 
to  the  private  activity  of  the  teachers  in  their  leisure  hours  and  to 
private  persons  skilled  in  science.  Certainly  academies  exist  in  most 
countries  whose  duty  it  is  to  work  for  the  development  of  science,  but 
with  few  exceptions  only  scholars  are  nominated  as  academicians,  the 
object  of  whose  life  is  teaching,  which  demands  the  whole  of  their 
time  and  power.  Hitherto  Bussia  was  the  only  exception  to  this ; 
Russian  academicians  receive  their  pay  as  such  and  are  not  bound  to 
educational  activity.  The  Russian  academy  has  also  well  endowed 
laboratories,  in  which  the  academicians  can  carry  out  scientific 
investigations.  In  fact  in  these  laboratories  almost  all  those  investiga- 
tions have  been  carried  out  which  have  given  Russia  an  honourable 
place  in  science.  That  the  results  have  not  been  more  startling  is 
easily  explained  by  the  position  of  Russian  methods  of  education.  If 
on  the  other  hand,  Germany,  notwithstanding  the  total  want  of  state 
•arrangetuents  for  the  investigations  in  question,  has  always  taken  an 
important  position  in  natural  science,  and  even  in  the  unfortunate 
period  of  its  political  impotence  and  division  maintained  honourably 
the  German  name,  this  is  preeminently  due  to  its  educational 
institutes  and  to  the  love  of  science  of  the  German  scholar  developed 
•and  maintained  by  them. 

Formerly  this  was  sufficient  when  the  extent  of  scientific  know- 
ledge was  still  small,  and  important  researches  could  be  carried 
t)ut  with  simple  arrangements  at  small  cost.  In  recent  times, 
however,  this  has  been  entirely  changed.  The  deeper  science  has 
•dived  into  the  secret  arrangement  of  the  forces  of  nature,  the  more 
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difficult  have  become  the  problems  to  be  solved,  the  clearer  must  be  th& 
methods  of  proof,  the  more  exact  must  be  the  measuiemeDts  and 
weighings  by  which  nature  itself  replies  to  tlio  inquirer  according  ta 
the  law  governing  it.  For  the  solution  of  decisive  scientific 
experiments,  are  now  required  specially  fitted,  well  situated  places 
protected  from  external  disturbances,  excellent  and  costly  instruments^ 
and  the  complete  sacrifice  to  the  problem  undertaken  of  the  scientist 
equipped  with  all  knowledge.  For  this  purpose  the  lecture  rooms 
and  laboratories  of  the  universities  and  scholastic  institutions  devoted 
to  the  purposes  of  teaching  as  well  as  the  professors  employed 
there  do  not  suffice.  These  are  always  so  much  the  more  over- 
burdened with  their  office  of  instructor  and  the  other  duties  connected 
with  it,  the  more  capable  they  are,  and  the  more  they  have  shewn 
themselves  to  be  pioneering  enquirers.  The  requisite  locale  and 
the  means  of  procuring  the  necessary  instruments  and  apparatus  also 
fail  them  as  well  as  the  leisure  for  the  mental  grasping  of  their 
problems  of  enquiry.  The  result  of  this  is  that  the  most  important 
problems  remain  unsolved,  and  that  highly  cultured  men,  who  could 
by  their  research  work  benefit  their  fatherland  and  mankind  generally 
by  priceless  services  are  engaged  in  the  service  of  education,  which  lesa 
gifted  men  could  perhaps  accomplish  more  successfully. 

A  very  striking  example  how  detrimental  this  entire  want  of  state 
arrangements  for  the  experimental  investigation  is  for  our  fatherland^ 
is  shewn  among  others  by  the  international  negotiations  for  fixing 
electric  units  of  measurement.  Although  these  units  were  theoretically 
brought  forward  and  verified  in  Germany,  yet  the  difficult  and 
expensive  labours  for  their  exact  reproduction  could  not  be  carried  out 
in  Grermany.  It  was  the  private  laboratories  of  rich  England  which 
undertook  the  work.  Also  the  summons  addressed  to  the  government 
on  behalf  of  the  international  commission  for  fixing  electrical  units  to- 
support  the  work  of  their  learned  men  in  this  direction,  could  lead 
among  us  to  no  decided  result,  for  in  the  whole  German  empire  na 
place  existed  suitable  for  these  measurements  with  the  necessary 
apparatus.  In  Germany  the  class  of  rich  scientific  dilettanti  i» 
wanting,  which  has  already  done  so  much  in  England,  and  has  raised 
England's  scientific  fame  high  above  the  measure  of  its  average 
culture.  Amongst  us  there  are  only  certain  lai^e  industrial  establish- 
ments which  were  fitted  and  prompted  by  their  own  necessities  ta 
undertake  such  costly  and  comprehensive  public  works.  But  factories 
are  only  in  certain  cases  suitable  for  exact  work. 

These  considerations  long  ago  determined  the  imdersigned  to  make 
over  to  the  existing  Royal  Academy  of  Science  of  this  town  by  a 
testamentary  legacy  a  large  sum  of  money  for  the  foundation  of  a 
laboratory  which  should  be  dedicated  to  scientific  fundamental 
investigations.  When,  however,  in  the  past  year,  on  the  occasion  of 
commissary  advice  on  the  organization  of  a  technical  research 
institute  to  be  established  in  the  rooms  of  the  Royal   Polytechnic,^ 
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the  accentuated  necessity  for  a  similar  research  institute  serving^ 
exclusively  for  scientific  investigation  was  recognized  by  his  Excellency 
the  Minister,  Dr.  von  Gossler,  but  for  its  accomplishment,  besidea 
financial  considerations,  there  entered  the  diificnlty  of  obtaining  a 
suitable  site,  I  solicited  to  be  allowed  to  place  at  the  disposal  of  the 
state  such  a  site  thoroughly  suitable  of  about  one  hectare  area  lying  in 
the  Marchstrasse,  in  Charlottenburg,  on  the  condition  that  the  State,, 
ut  its  cost,  would  build  upon  it  for  the  purpose  in  question,  and 
would  suitably  endow  the  institute.  I  further  offered  myself  to  carry 
out  the  construction  of  the  laboratories  in  the  hope  of  thus  preventing 
further  loss  of  time. 

Although  by  the  warm  interest  which  the  Minister,  von  Gossler, 
took  in  the  fulfilment  of  the  proposed  building  the  hope  that  the 
financial  difficulties  still  existing  would  be  overcome  appeared  well- 
founded,  yet  I  could  not  fail  to  recognise  that  the  plan  in  this  way 
cannot  be  carried  out  to  the  extent  which  would  correspond  to  its  im- 
portance and  to  the  contribution  of  about  half-a-million  marks  which  I 
am  ready  to  expend  for  its  realization.  It  is  a  question  of  a  state 
arrangement  which  will  be  of  use  to  the  whole  empire  in  the  same 
measure  as  to  the  individual  state.  To  the  empire  there  would  accrue 
material  as  well  as  ideal  advantages  of  great  importance  from  a  natural 
science  laboratory  as  proposed.  In  the  competitive  struggle  of  the 
people  now  so  actively  carried  on,  that  country  has  a  decided  prepon- 
derance Avhich  first  sets  foot  upon  new  paths  and  first  starts  the 
branches  of  industry  based  on  them.  Almost  without  exception  it  is 
new  scientific  discoveries,  often  of  very  insignificant  kind,  which  open 
out  such  paths  and  create  important  branches  of  industry  or  animate 
them  anew.  Whether  the  discovery  of  a  new  scientific  fact  is  techni- 
cally applicable,  is,  as  a  rule,  only  found  out  after  completely  and 
systematically  investigating  it,  that  is  to  say,  often  only  after  a  long  time. 
Therefore  scientific  progress  must  not  be  made  dependent  on  material 
interests.  Mo<lem  culture  depends  on  the  dominion  of  mankind  over 
the  forces  of  nature,  and  every  newly  discovered  law  of  nature  increasea 
this  dominion,  and  thereby  the  highest  good  of  our  kind.  Since  by 
the  patent  law  the  property  in  invention  is  protected  in  the  German 
empire  and  by  German  educational  institutions,  scientific  and  technical 
culture  are  widely  extended,  the  power  and  means  are  not  wanting  for 
the  technical  application  of  scientific  discoveries.  The  encouragement  of 
scientific  investigation  is  therefore  in  an  eminent  degree  a  promotion  of 
the  material  interests  of  the  country.  This  fact,  which  is  not  always 
understood,  is  probably  the  chief  reason  w^hy  scientific  discovery  confers 
everywhere  high  honour  on  the  country  where  it  originates.  Not 
scientific  culture  but  scientific  performance  assigns  to  a  nation  the  place 
of  honour  among  cultured  people.  It  appears  therefore  to  be  the  duty 
of  the  empire  and  not  of  the  individual  states  to  make  the  necessary 
arrangements  to  bring  the  scientific  performance  to  that  height  and 
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keep  it  there,  \vhich  corresponds  to  the  average  scientific  culture  of  the 
country. 

I  remark,  finally,  that  with  the  offer  of  a  contrihutiou  of  half-a- 
million  marks  in  land  or  capital  for  the  foundation  of  the  proposed 
institute,  I  have  in  my  mind  only  the  aim  of  being  of  service  to  my 
fatherland  and  of  showing  my  love  of  science,  which  I  have  to  thank 
exclusively  for  my  success  in  life: 
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Lead-sheathing  for  undeiground  cables, 

ii.  67,  545. 
Legal  ohm,  i.  420. 
Lenz,  iL  396. 
Leonard,  L  8. 
Leyden  jars,  experiments  on,  i.  103. 

—  heating  of,  i.  192. 
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LIFT. 

Lift,  electric,  ii.  459. 
Light,  electric,  ii.  863. 

—  unit  of.  i.  418,  419. 

—  on  gold  films,  action  of,  i.  801. 

—  on  Beleniiim,   action    of,   i    263, 
275,  296. 

Lippmann,  i.  222. 
Localization  of  faults,  i.  150. 
Longridge  &  Brooks,  i.  240,  244,  245. 
Loss  of  potential,  formula  for,  i.  147. 

—  of   potential,    method    for   fault- 
testing,  i.  254. 

Losses  due  to  defective  insulation  of 

line  wires,  i.  30. 
Luminosity  of  flame,  i.  372. 


Magnetic  ore-separator,  ii.  452. 
Magnetism,  i.  353,^  400. 
Magnetization  of  a  wire,  i.  357. 
Magneto-electric  currents,  ii.  838. 

—  machines,  ii.  399. 

—  quick  type- writer,  ii.  192. 

—  telegraph,  ii.  126. 

Magnets,  non-astatic  dead-beat,  i.  220. 

—  experiments  on,  i.  404. 

—  sustaining  power  of,  i.  361. 
Mallet,  L  329,  335. 

Mathiessen,  i.  138,  180,  181,  182, 195, 

196,  200,  293,  342. 
May,  i.  275. 

Measurement  of  velocity  by.  spark,  i.  7. 
Measuring  speed  of  ships,  ii.  522. 
Meissuer,  i.  18. 
Mercury  for  uuit  resistance,  i.  163. 

—  resistance,  least  affected  by  tem- 
perature, i.  177. 

—  standard  resistance  first,  i.  206. 
Meter,  electric,  ii.  488,  498,  528,  532, 

537,  559. 
Metre  bridge,  i.  170. 
Mine-exploder,  dynamo-electric,  ii.239. 
Mitchell,  i.  274. 

Molecular  magnetism,  i.  859,  417. 
MoUer,  i.  439,  454. 
Morse,  ii.  216 

—  instrument,  ii.  122,  131, 184,  816. 


PRIOBITY. 


Motors,  laws  of,  ii.  407,  419,  467. 
MUUer,  i.  853. 


Neisbsn,  i  419. 
Newall  h  Co.,  i.  149. 
Nickel,  electrolysis  of,  i.  14. 
Non-astatic  magnets,  dead-beat,  L  220. 


Obach,  i  272,  295. 

Objections  to  B.  A.  standard,  i.  197. 

Oersted,  ii.  211,  396. 

Ohm,  legal,  i.  420. 

pre-separator,  magnetic,  il  452. 

Ozone,  i.  134  ;  ii.  521. 


Paalzow,  i.  225. 

Pacinotti,  ii.  365,  402,  417,  465. 

Page,  ii.  413. 

Paris  conference,  i.  418.  419. 

Patent  law,  ii.  567,  576. 

Payeme,  ii  445. 

Paying-out  cables,  L  238. 

Perforating  key,  ii.  97,  99,  106,  287. 

Permeability  of  iron,  i.  411. 

Person,  i.  293. 

Photometer,  selenium,  i.  306 ;  ii.  370. 

Photosphere,  electricity  in,  i.  386. 

Physico- technical  institute,    ii.    582, 

588. 
Pipes,  motion  of  gases  in,  i.  207. 
Pixii,  ii.  363,  415. 
Platinum    standard  of  light,   i.    418, 

419. 
Plough,  electric,  ii.  456. 
—  for  underground  cables,  ii.  63. 
Pneumatic  despatch,  i.  207  ;  ii.  238. 
Poggeudorf,  i.  224 ;  ii,  896. 
Poissou,  i.  132. 
Polarized  relay,  ii.  159. 
Potential  of  sun,  i.  377. 
Printing  telegraph,  i.  51  ;  ii.  13,  30, 

42,  192,  204. 
Priority  of  invention   of  dynamo,  ii. 
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FKOJlSCTlLKii. 

Projectiles,  «peed  of,  1.  7. 

Proposed  electric  railway  for  Berlin, 

ii.  425,  432. 
Pruckner,  i.  20,  34. 
Public  uses  of  electricity,  ii.  897. 
Pyramids  and  atmospheric  electricity, 

j.  169. 


QUADRUPLKX,  i.  79. 


SPEED. 


Railway,  electric,  ii.  387,  40d,  412, 
422,  432. 

—  elevated,  iL  423,  427,  434. 

—  signalling,  ii.  396. 
Raising  water,  iL  501. 

Ratio  of  energy  in  electric  transmis- 
sion of  power,  iL  407,  421. 

Rectified  alternating  current  niacliine, 
iL  117. 

Regulator,  electric,  ii.  491. 

Relays,  ii,  26,  49,  95,  159,  181. 

—  for  dial  telegraphs,  L  48. 

—  polarized,  ii.  159. 

—  unipolar,  iL  181. 
Reproducible  unit  of  resistance,  i.  162. 
Resistance  box,  early  pattern,  i.  98. 

—  box,  first  use  of,  i.  205. 

—  unit  of,  L  162,  180,  194. 

—  of  amalgams,  L  185. 

—  of  carbon,  temperature  coefficient, 
L  345,  349. 

—  of  metals  compared  with  mercury, 
L  178. 

—  of    metals,     effect    of    heat    on, 
i.  180. 

Retardation   and  induction  in  cores, 

L87. 
Reyer,  i.  328. 

Reymond,  du  Bois,  i.  220,  231. 
Rheostat,  i.  98. 
Riess,  L  127  ;  ii.  374. 
Ritter,  L  41,  378. 
Rowland,  L  387. 


Royal  Academy  of  Berlin,  inangaral 

speech,  L  231. 
Kudberg,  i.  293. 


Sabine,  i.  204. 

Sale,  i.  263,  275. . 

Sauty,  de,  i.  258. 

SaxtoD,  iL  363. 

Schilling,  ii.  215. 

Schweigger,  ii.  210,  396. 

Screening  action  of  clouds,  L  390. 

—  action  of  iron,  i.  369. 

Sea,  measuring  temperature  of,  i.  215. 
Seebeck,  iL  413. 

Selenium,   action  of  light  on,  i.  263, 
275,  296. 

—  electromotive  action  of,  L  318. 

—  photometer,  i.  306 ;  iL  870. 
Serrin,  iL  366. 

Ships,  measuring  speed  of,  iL  522. 
Shuttle-armature,  ii.  126. 
Siemens*  armature,  ii.  126. 

—  unit,  L  162,  177. 
Signal  bells,  L  46. 

—  telegraphs,  i.  42. 
Sine  galvanometer,  iL  178. 

Slack  calculated  from  auxiliary  wir« 

paid  out,  i.  249. 
Smith,  Willoughby.  i.  263,  275. 
Solar  potentiaJ,  i.  377. 

—  theory,  i.  877. 

Solidification,  effect  of,  on  resistance  of 
alloys,  L  185. 

—  under  pressure,  i.  329. 
Sommcring,  iL  209,  396. 
Soot-writer,  ii.  367. 
Sources  of  electricity,  iL  413. 

Spark  apparatus  for  measuring  speed 

of  electricity,  i.  265. 
Specific  inductive  capacity,  i.  87,  153. 

—  inductive  capacity,  table  of  results, 
L  153. 

,  —  resistance  of  dielectrics,  i.  158. 

—  rerfstance  of  metals,  L  178. 
Speed  of  projectiles,  i.  7. 

—  of  ships,  ii.  522. 
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SPRUNG. 

Sprang,  i.  444. 

Standard  of  light,  platinum,  i.  421. 

—  of  light,  amyl  acetate,  i.  424. 

—  of  resistance,  i.  162,  192,  194. 
Stark,  i.  8a. 

Stearine,  dielectric  constant  of,  i.  110. 
Steering  torpedoes   automatically,   ii. 

384. 
Steinheil,  ii.  214,  396. 
Step-by-step  telegraph,  ii.  13. 
Stohrer,  ii.  415. 
Strength  of  current  for  dial  telegraphs, 

i.  48. 
Submarine  cables,  a]>paratus  for,  ii.  151. 

—  cables,  laying,  i.  237. 

—  cables,  laws  of  charging,  ii.  152. 

—  cables,  slack  in,  i.  242. 

—  cables,  testing,  i.  137,  237,  250. 

—  key,  ii.  155,  812. 

Sulphur,  dielectric  constant  of,  i.  110. 
Sulphuretted  hydrogen  from  volcanoes, 

i.  325. 
Sun*s  electricity  in  photosphere,  i.  386. 

—  heat,  theory  of,  i.  877. 
Sustaining  power  of  magnets,  i.  361. 


Taxoext  galvanometer,  ii.  178. 
Telegraph,  electric,  i.  29 ;  ii.  396. 

—  instruments,  i.  42 ;  ii.  13,  30,  38, 
42,  58,  97,  122,  126.  131,  184,  192, 
204,  281,  816,  845. 

—  lines,  i.  15,  29. 

—  magneto-electric,  ii.  126. 

—  priming,  ii.  13,  30,  42. 

—  step-by-step,  ii.  18. 
Telemeter,  ii.  323. 
Telephony,  it  373. 

Temperature  on  conductivity  of  gutta- 
percha, effect  of,  i.  139. 

—  on  resistance  of  mercury,  effect  of, 
i.  177. 

—  on  resistance  of  metals,  effect  of, 
i.  180. 

—  of  sea,  measuring,  i.  215. 
Terrestrial   magnetism    duo  to   static 

charge,  L  387. 


VELOCITY. 

Terrestrial  magnetism,  effect  on  under- 
ground lines,  i.  42. 

Testing  for  faults  in  gutta-percha 
wires,  i.  28,  86,  149,  251  ;  ii.  72. 

—  land  lines,  instrament  for,  ii.  108. 

—  submarine  cables,  i,  137,  287,  250. 
Tests  while  paying-out,  i.  149,  250. 
Theatres,  electric  fire  alarms,  ii.  478. 

—  electric  light  in,  ii.  481. 
Theory  of  electi-o-magnetism,i.  353,400. 
Thimble-magnets,  i.  221. 
Thomson  (Lord  Kelvin),   i.   88,   120, 

145,  196,  328,  332. 
Thunderstorms,  caiise  of,  i.  397. 
Tin,  resistance  at  various  temperatures 

i.  187. 
Torpedoes,  ii.  331. 
Trade-winds,  I  428,  442. 
Transatlantic  cable,  ii.  142. 
Translators,  ii.  30,  49,  99,  104,  169. 
Transmission  of  power,  ii.   403,   407 

418,  467. 
Type-printing  telegraph,  ii.  192,  204. 

Ukderguouxi)  lines  and  wires,  i  15, 
82 :  ii  27,  62,  75. 

—  lines,  advantages  of,  i.  38. 

—  lines,  cost  of,  i.  88. 

—  lines,  charge  of,  i.  89. 
Unipolar  dynamo,  ii.  472. 

—  relay,  ii.  181. 
Unit,  b.  A.,  i.  196. 

—  of  light,  i.  418. 

—  of  resistance,  i.  162,  180,  194. 
Universal  galvanometer,  ii.  298. 


Value  of.Siemens'  unit  in  B.  A.  ohm 

i.  205. 
Van  Rees,  i.  415. 
Variey,  i.  258. 
Velocity  of  air  in  pipes,  i.  207. 

—  measured  by  spark,  i.  7. 

—  of  transmission  of  electricity  in 
wires,  i.  264. 

—  on  power-transmission,   effect  of 
ii  421. 
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VESUVIUS. 

Yesuvios,  eraption  of,  i.  321. 

Violle,  i.  422. 

Yolcanoes,  theory  of,  i.  321. ' 

Volta,  i.  40,  41,  88  ;  ii.  20?,-  395,  396. 

Volte-inductor,  ii.  189,  402. 

Voting  telegraph,  ii.  329. 

Vulcanized  gutta-percha,  ii.  68*  77. 


Walker,  i.  274. 
Water-level  indicator,  ii.  251. 

—  raising,  ii.  601. 

—  spout,  i.  891  (note). 

Weather  on  telegraph  lines,  effect  of, 
i.  17. 


ZINC. 

Weber,  i.  363 ;  ii.  213,  396. 
Wohrhahn,  i.  264. 
Weyde,  Van  der,  ii.  446. . 
Wheatstone,  i.  10,  61,  88,  136  ;  ii.  216, 
219,  365,  396. 

—  bridge,  with  unequal  arms,  i.  141. 
Wilde,  L  219  ;  ii.  400,  415. 

Winds,  theory  of,  i.  392,  424,  439,  444, 

454. 
Winkler,  ii.  450. 
Wite,  i.  397. 

Zinc,  electrolytic  extraction  of,  ii.  504, 
554. 

—  resistance  of,  i.  186. 
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